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December 10, 1982

Docket No. 50-443/444

Ms. Jo Ann Shotwell

Assistant Attorney General

Commonwealth of Massachusetts

Department of Attorney General

John W. McCormack State Office Building IN RESPONSE REFER
Boston, MA 02108 TO FOIA-B2-557

Dear Ms. Shotwell:

This is in response to your letter dated November 5, 1982 in which you
requested, pursuant to the Freedom of Information Act, 5 U.S.C. 552,
fourteen categories of information concerning safety at the Seabrook
Power Station at Seabrook, ‘“ew Hampshire.

This will also acknowledge the telephone conversation you had with

Mr. Roger Blond of the NRC staff, in which you further defined your
request, As a result of that conversation as well as consultation with
other NRC staff offices, the documents listed on the appendix were
identified as being responsive to your request and are enclosed. Copies
are also being placed in the NRC Public Document Room as well as the
Tocal Public Document Room ati the Fxeter Public Library, Exeter, New
Hampshire,

This completes action on your request.

Sincerely,

4. M. Felton, Director
Division of Rules and Records
Office of Administration

Enclosures: As stated
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NUREG-0739 - An Approach to Quantitative Safety Goals
for Nuclear Power Plants

Mewo for Chairman Palladino et. al, from William J. Dircks
re: Action Plan for Tmplementing the Commission's Proposed
Safety Goals

Memo for Chairman Palladino et, al. from Forrest J. Remick
re: Public Comments on Proposed Safety Goals

Memo for Chairman Palladino et. al. from Forrest J, Remick
re: Safety Goals for the Operation of Nuclear Power Plants

Oraft - Safity Goals for the Onevation of Nuclear Power
Plants

Memo for L. G. Hulman from W. H. Regan, Seabrook Units 1 and
2 DEIS Iaput and Population Projections for the Year 2000

Report by Michael Kaltman, Demographic and Vehicular Demands
for an Yvacuation Analysis of the Seabrook Station

NUREG/CR-2930, PNL 4290

letter to D, W, Moeller from M. W, Libarkin, Appeal Board
View of 100 Guideline Doses

tetter to Frnie Murri from R, C. Tang

Memo to William J. Dirvcks from R, F, Fraley, ACRS Review of
the Draft Action Plan for Implementing the Commission's Proposed
Safety Goals

Memo for Forrest J, Romick from R, F, Fraley, Comments Regarding
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Honorable John F. Ahearne
Chairaan

J.S. Nuclear Regulatory Commission
Washington, D.C. 20855

SUBJECT: AN APPROACH TO QUANTITATIVE SAFETY GOALS FOR NUCLEAR POWER PLANTS

Dear Or. Ahearne:

In a letter dated May 16, 1979, the ACRS recommended that considera*ion be
given by the Nuclear Regulatory Commission to the establishment of quantita-
tive safety goals for nuclear power reactors. The ACRS acknowledged the
difficulties and uncertainties in the quantification of risk but stated its
belief that quantitative safety goals and criteria can provide an important
yardstick for the engineering judgnent that would still be required. The
ACRS further recommended that the Congress be asked to express its views on
the suitability of proposed NRC quantitative safety goals and criteoria in
relation to other relevant aspects of our technological society. pe

In a letter dated June 11, 1979 to the ACRS you noted that you would appreci-
ate any further development of the concept of quantitative safety goals that
the ACRS could provide. In a memorandum dated August 14, 1979 the ACRS
advised you that it was assigning the project of developing a possible ap-
proach to quantitative safety goals to its Subcommittee on Reliability and
Probabilistic Assessment and that it was anticipated that about a year would
be needed to develop recommendations.

The Subcommittee has now developed a preliminary proposal for a possible
approach to quantitative safety goals. The proposed approach is intended to
serve as one focus for discussion on the subject of quantitative safety goals
and as such is expected to be only a first step in an iterative process.

The Subcommittee has prepared its discussion of the subject in the form of
a report which consists of three parts, as follows:

Part 1 "On the Development of Quantitative Risk Acceptance Criteria,”
J. M. Griesmeyer and D. Okrent.

Part 2 "Risk Management and Decision Rules for Light Water Reactors,"
Je« M. Griesmeyer and D. Okrent.

Part 3 "Applications and Implications of Trial Risk Acceptance Criteria,"
D. H. Johnson and W. E. Kastenberg.



Honorahle John F. Ahearne -2- October 31, 1980

Part 1 is primarily a review of several prior or current proposals for
quantitative risk criteria which have been developed by others. Part 2
provides the preliminary proposal for a possible approach to quantitative
safety goals. Part 3 provides a brief evaluation of several technologies,
including nuclear power plants, in terms of criteria 1ike those proposed in
the report.

The ACRS recognizes that there are several other ongoing efforts to examine
the development of such criteria. The Committee hopes that this report will
contribute material useful in the process of developing an approach.

The trial approach to quantitative safety criteria, which is described in
Part 2 of the reoort, is divided into two major tasks: the predominantly
social and political task of setting the safety criteria (termed decisior
rules herein) and the technical task of estimating the risks and deciding
whether the safety criteria have been met.

The safety criteria or decision rules are as follows:

’ ® imits are placed on the frequency of occurrence of certain
. hazardous conditions (hazard states) within the reactor.

; 'Limi;s are placed on the risk to the individual of early
death, or delayed death due to cancer arising from an accident.

® imits are placed on the overall societal risk of early or
delayed death.

®An "as low as reasonably achievable" approach is applied with
a cost-effectiveness criterion that includes both economic costs
and a monetary value of preventing premature death.

®A small element of risk aversion is applied to infrequert
accidents involving large numbers of early deaths compared to
a similar number of deaths caused by many accidents each
involving one or two deaths.

fach decision rule on hazard states and on individual and societal risk
consists of a pair of numbers: an upper, non-acceptance limit on risk and a
lower, safety goal level of risk. Compliance with the upper limit would be
required for extended operation of the plant; otherwise, it must be improved
within a certain period of time (to be determined) that depends upon the
severity of the risk involved. On the other hand, any risk value lower than
the safety goal level would be considered in compliance for the particular
category of risk. lHowever, risks must be further reduced below these safety-
goal levels whenever improvements are possible that meet certain cost effec-
tiveness criteria for risk reduction. Between the uppér, non-acceptance
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SOCIETAL RI1SK

It has been suggested in the literature that society is risk averse when
comparing a single, infrequent large accident with a number of smal)
accidents leading to the same total number of fatalities in the same
time period. A simple approach which assesses an equivalent social

cost that increases faster than the actual consequences for events in-
volving multiple deaths uses an equation of the form

Equivalent social cost = :E: (Frequency) (Consequence)®
accidents

in which a is greater than unity. If a is equal to one, the equivalent
social cost would be the same as the expected costs (frequency times
consequence). Although values of a as high as 2 or 3 have been proposed
in the literature for fatalities from accidents, such values would pro-
hibit many existing technological endeavors because of extremely high
equivalent social cost, e.g., dams or large quantities of hazardous
chemicals stored close to population centers. Studies performed by the
Subcommitt~e and summarized in Part 3 of the report, indicate that society
does not ¢ . sciously place such high risk aversion penalties on needed
activi}ies.

In thi§ proposal it is suggested that the social cost for delayed cancer
deaths' should be assessed as equal to the calculated number of fatalities
(i.ec, @ = 1). The range on the estimated number of people who fbe from

the pollution arising from a coal-fired plant which generates 10°" kWh is
about 10 to 200 (see Part 3 of the report); 10 is proposed here as the upper,
non-acceptance limit on the delayed cancer deaths due to a nuclear power
gé,at; the goal level is that there be less than two cancer fatalities per

kWh.

To provide incentives to reduce the catastrophic potential of accidents, it is
proposed to assess the equivalent social cost of early deaths with a value

of a slightly larger than unity, namely a = 1.2; hence, the equivalent early
death cost of the plant, Eed' would take the form

Eed - E (Frequency) (Early Dc.'nhs)"z
accidents

The Timits on equivalent early deaths are reduced by the same factor of five
from the delayed death limits as was done for the limits on individual risk.
Table 3 summarizes the decision rules for societal health risks.

SOCIETAL IMPACT REDUCTION - ALARA

It is proposed to use an "as low as reasonably achievable" (ALARA) cost-effective-
ness criterion to judge whether additional risk reduction is required beyond
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that level of safety required to meet the other decision rules. The cost u!
an improvement would be balanced against the combined change in economic losses
and in the risk of delayed cancer deaths, and equivalent early deaths.

While there is some limit on how much the United States can afford to

spend to reduce risk from all of its technological activities, lest economic
instability lead to greater risk directly or indirectly, the current perspec-
tive on nuclear reactors may be such that society is willing to spend more for
LWR safety than tor many other things.

It is tentatively proposed that the marginal cost limit on expenditures be
set at $1 million per delayed cancer death averted and $5 million per
equivalent early death averted, when "equivalent" early deaths are calcu-
lated using the coefficient a = 1.2 for risk aversion.

It is anticipated that careful study will be required to quantify the economic
losses due to property and resource damage. Because of uncertainties and the
fact that some impacts cannot be quantified, it is proposed that the marginal
cost limit on expenditures to reduce adverse economic impacts be twice the
expected reduction in impact when applying the ALARA criterion. This also
stresses prevention rather than repair of possible damage.

Table 4 summarizes the quantified ALARA criterion.

-

RISK QUANTIF [CATION L=

The rest of the proposed framework deals with the technical tasks of risk
quantification, which will by no means be simple. It has to be acknowledged
from the beginning that there will be both large uncertainties in such risk
estimates and significant differences between independent estimates of the
same risk. The form of the decision rules is intended to compensate in part
for some of this uncertainty. Limits are placed on the expected values of
the various risks. These expected values are the weighted average of the
probabilities and therefore reflect some of the uncertainties. Also, limits
are placed on both the risk of a damaging accident to the fuel and on the
risk of a large release of radioactive material assuming the occurrence of
fuel damage, thereby requiring both prevention and mitigation.

A major tool for this effort will be a plant and site specific quantitative
risk analysis which is essentially a probabilistic estimate of the distribu-
tion of risks. The details of the analysis will form a safety profile of the
particular plant and site that can be used to make risk-based decisions on
design and/or procedural changes. The est imated risk distribution will ex-
plicitly express the range of uncertainties and will be used in the application
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Honorable ..~

of the decis rules. Special attention must be given to quality assurance
of the risk 3’ ~ssment. There must be full and explicit identification of

the assumpt’ and limitations of the analysis, and peer review will be re-
quired. 1r -7 t10fs 1t 1S proposed that a procedure be established to pro-
vide a legz / .inding determination gf those risk distribution values to be
used with tre - cision rules. A possible approach to this aspect is the
establishmern® * a Risk Certification Panel. After peer review of the analyses
had been cor - * ©ds the panel would be given the statutory authority to make a
finding on %°° risk values to be used in the application of the decision rules.

The ACRS hose” 'his repert proves to be useful in the ongoing effort on the
devel; nens + wuantitative safety goals. The Committee plans to continue to
PMERS . .r actively.

pursue the "7
Sincerely,
Milton S. Plesset
Chairman
i
i



Table 1. Limits on Occurrence of H

azard States

T
|
!

Decision Rules on Mean Frequency

—

Hazard State Probability Goal Goal Level j Upper Lint |
Significant Core Damage . -4 : 3 .
(> 10% of noble gas inventory Less than 1/100 £ <10 { & d<1x10'
leaking into primary coolant) per reactor lifetime | o , g '

; per reactor year per reactor year
[ ' 1
targe Scale Fuel Melt - LSFM -4 | . |
(> D% of oxide fuel becoming Less than 1/300 £ <1x10 | £ <5x10° |
molten) per reactor lifetime | ) | - '
| per reactor year  per reactor year |
Large Scale Uncontrolled Release | E
from Containment given LSFM Small, given a Large | fR/m < 0.01 : fR/m <0.1
(. 10% of lodine inventory Scale Fuel Melt | per LSFM 5 per LSFM ’
and 90% of noble gas) ; P ' { ’ '
|
fcd is the frequency of Significant Core Damage per reactor year.
fm is the frequency of Large Scale Fuel Melt per reactor year.
fR/n is the frequency of Large Scale Uncontrolled Release per Large Scale Fuel Melt.

The upper non-acceptance limits must

issuance of a construction permit.

range for case-by-case consideration of uncertainties

decision rules have been applied,
achievable within the cost-effecti

Between the upper limits

and competing risk.

be satisfied for extended operation of a new plant or for
gnd the goal levels is a discretionary

Once the risk level

risk must still be reduced if such reduction is reasonably
veness criterion of Table 4.

e
:

&)




Table 2. Limits on Risks to Most Exposed Individual «

Decision Rules on Mean Frequecy pe;

Probability Goal . Mean Frequency per Site-year f Large Scale Fuel Melt-LSFM
' '~ Goal Level |  Upper Limit j Goal Level | Upper Limit
L i L 4 ]
Probability of delayed death | £, <Sx107° | £, <2.5x10° | £ .<0.01 | £, <0.05
from cancer due to all reac- | : f : ; | /»
tors st & site over lifetime | FOT Site- | peT site-year | per LS . per LSFM
of individual <0.0005 | yeer | ; ; |
i | : 1 !
Probability of early death i fe,<1x10'6 | foq <sx107% | foqyn<0.002 | g d/m <0.01 ‘
due to a reactor accident - | : } oy : ed/m
over lifetime of individual asdiaias por site-yoar | porlSEN . | per W
< 0.0001 p+ o | |
\ Jy i l | i
fd is the individual risk of delayed cancer death per site year.

fd/m is the individual risk of delayed cancer death per large scale fuel melt.
fed is the individual risk of early death per site year.

fed/n is the individual risk of early death per large scale fuel melt. /

The_upper non-acceptance limits must be satisfied for extended operation of a ne lant or for
1ssuance_9f a_construction pgrﬂLji. Between the upper limits and the goal levels is a discretionary
range for case by case cons1derat1on of uncertainties and competing risks. Once the risk level
decision rules have been applied, rxsk,mﬁgt‘ST‘TT‘be réduced it such reducticn is reasonably
gihig!gble_hlthxn.Lhc COSt -€ effect1veness criteria of Table 4.

/




Table 3. Societal Health Risk Limits

Measure of Risk Decision Rules on Societal Health Risks

Goal Level ! Upper Non-Acceptance Limit
e . !
Ba ™ the expected value of: E, < - ; B, < 10
1 b | !

}E: (Frequency) (Delayed Cancer Deaths) per 1010 KWh per !0!0 Kih |
accidents ‘
and normal operation

|
Eed = the expected value of: Ega < 0.4 - Eed < 2
b

:E: (Frequency) (Early Denths)"2 per 1010 kvh | per 1010 kWh
accidents ?

Ed is the average number of delayed cancer deaths per 1010 kWk of
electricity generated.
Eed is the average number of equivalent early deaths per 1010 kwh

of electricity generated.

1010 kWh is the amount of electricity generated by a large (1200 MwWe)

ower plant operating at full capacity for one year.
P P P

The upper non-acceptance limits must be met for extended operation of a new plant or for issuance
of a construction permit. Between the upper limits and the goal levels ir a discretionary range
for case hy case consideration of uncertainties and competing risk. Once the risk level decision
rules have been applied, risk must still be reduced if such reduction is reasonably achievable
within the cost-effectiveness criteria of Table 4.




Table 4 Quantified ALARA Cost Effectiveness Criteria.

Expenditure Limits for Impact Reduction

et SUN—

$1 million per delayed cancer death averted $1 x 106/(AEd L)

$5 million per early equivalent death averted $5 x 106/(AEed L)

S — - — — - - . . A o

2 times the economic loss (due to resource ZI(AEr L)
damage) averted

A particular improvement is "cost-effective"
and required if

Cost < [ 2AE_ + ($5x10%) (Ascdp(mlo") (AEP] L

_~ - - eeath _— -

AE, is the change (due to the proposed improvements) in the expected
value of:
(Frequency) (Delayed Cancer Deaths)

accidents
and

normal

operation

AEed is the change (due to the proposed improvements) ia the expected
value of:

}E: (Frequency) (Farly Dcnths)l‘2

accidents

AEr is the change (due to the proposed improvements) in the expected
value of:

:E: (Frequency) (Fconomic Losses)

accidents

L is the remaining lifetime of the plant ;8 units of 1010 k¥h to be generated
and the frequencies are calculated per 10°7 kWwh. This is the amount of elec-
tricity generated by a large (1200 Mye) plant operating at full capacity for
one year.

-10-
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Specification of a justifiable and workable quantitative risk manage-

ment framework is a major task if only because there is no yeneral
consensus as to the aspects of risk that must be considered or to
their relative importance. Added to these problems is the difficulty
of risk estimation for facilities having potential hazards which
involve high consequence, low probability events, or facilities which
pose relatively unfamiliar or potentially large delayed and chronic
hazards. Futhermore, a particular facility or activity may appear tc
be the best alternative to weet an essential societal need, even

though it poses a large identified hazard which must be manayed.

In this paper, some of the major considerations for effective manaje-
uént of risk are discussed, with particular emphasis on risks due to
fuclear power plant operations. Although there are impacts associated
with the rest of the fuel cycle, they are not addressed here. Next,
several previously published proposals for quantitative risk criteria
are reviewed. They range from a simple acceptance criterion on
individual risk of death to a quantitative risk management framework.

The final section discusses some of the problems in the establishment

of a framework for the quantitative management of risk.
We do not consider occupational risks within the context of this paper.

1.2. Risk Hanagement Considerations
1.2.1. Decision Levels and lmpacts

Several levels are involved in the decision to build a particular power

plant. These focus on the need for power, the technological options,




alternative sites and risk acceptance. The interactions between

economic, socio-political, environmental and public health and safety
impacts should be considered and factored into the decision at each
level. For e;awple. health is to some extent positively correlated
With standard of living, which way be lowered if energy is not avail-
able or if energy costs beccne much higher as a result of expenditures
for safety ‘mproscamerts. Also, the costs of required safety measures
for one tectnnlogy may force the choice of an alternative technology
having larger impacts, if the overall econcamics cf tne first technology

become unfavorable.

Acceptable risk 1s most properly addressed in the coatext of alterna-
tives, including the option of not building a facility to supply a =
particular societal need or want. Large uncertainties in the level of =
risk must alsu be considered. The uncertainties arise from shortcom-

ings both of dats and of models to predict risk. Sometimes conservative
estimates are used to put upper bounds upon risk. However, without
estimates of the uncertainties or methods to determine the relative

amount of conservatism among alternatives, conservative estimates may
distort the relative inpacts of the various options and may lead to a

less than cptimal choice between them. The problem is further compli-

cated because the different types of impact are not readily comparable.

In order to gain perspective it might be useful to construct a hierar-

chy of impacts according to magnitude and to extent, j.e., local,



regional, or global effects. Moderate negative effects which are

local in nature may be preferable to moderate negative effects which
are regional in extent, etc. The regional need for power, hased upon
economic and socio-political considerations, mzy be such that a power
plant ¢hould be built; the accepted environmental and public health
and safety impacts (local and regional) will pe detemined by the
choice of site and technoldgical alternative and by the resources
allocated to reduce those impacts. The lmpsects of procuring and

processing the fuel will also depend upon such choices.

1.2.2 Approaches to Risk Management

Technological hazards arise as a consequence of endeavors to satisfy
§bcietal needs and wants. In part, such hazards can be modified by
éhanging societal wants, by choosing a different technology to satisfy
the wants, or by improving the technology to prevent the occurrence of
the hazard or to mitigate the consequences (Fischhoff et al,1978).

The Nuclear Regulatory Commission (NRC) has the authority to require
and approve improvements in the nuclear power plant, once the choice
to build a reactor has been made. It must decide if the plant is safe
enough, or in other words if enough resources have been spent to
ensure safety. While the NRC, in environmental impact statements,
assesses and compares the use of alternative technologies with nuc lear,
the NRC may not have the authority to choose between power generating
technologies. However, it may force an alternative choice by its

stringent safety requirements.




Various approaches have becn used to determine whether a technological
facility is safe enough, these include professional judgment, cost
benofit and cost effectiveness considerations, comparison with back-
ground hazards, public preferences, or comprehensive analysis of
various options. Etach approach has its advantages and disadvantages.
A catalogue of caveais for these approaches has been compiled by

Fischhoff et al. {(1989).

Professional judjient relies on good professional practice to ensure
that failures are rot likely. However, failures in equipment do

occur, and some means must be developed to decide what failure rates
are acceptable. The costs of the failure rates can be estimated, and
the expected consequence per year can be added to the overall costs of
the facility in a cost-benefit analysis. However, serious problems i'
arise in assessment of both costs and benefits (Baram, 1980). The g
measures of effect are not easily converted to a single unit such a.
money, and some cannot be estimated without tenuous assumptions which
often are not adequately stated in the report of the results. This

lends itself to intended and unintended bias in the presentation of

the analysis and distortions in its interpretation.

In any case, the risk benefit type of analysis for a particular
technology for the generation of electricity should be done for the
whole fuel cycle. Similarly, comparative risk studies may he used to

help choose between two alternative technologies;, however, such









Studies have shown that perceptions of risk by groups of lay people

sometimes have systematic variations compared with each other and with
the statistically measured risks (Slovic et al, 1980; Fischhoff et al,
1978); that perceived Lenefits are negatively correlaied with perceived
risks (Otway, 1977; Fischhoff et al, 1978); that expert risk assess-
ments are also susceptible to bias, particularly underestimation; and
that new evidence is often interpreted to reinforce existing beliefs
(Slevic et ai, 1980). These findings indicate that it would be no
simpie matter to incorporate aggregated public attitudes and percep-
tions in a meaningful and useful way into risk acceptance criteria.
Fven the solicitation of these attitudes requires care because the
for@ and sequence of the survey questions may strongly influence the

response (Plott, 1978; Hershey and Schoemaker, 1980).

Basing risk acceptance solely on perceived risk and without considera-
tion of the alternatives has a number of disadvantages. It virtually
assures that limited resources for risk abatement will be misallocated,
and leaves open the possibilities that societal needs will not be met
or that some risks will be much higher than necessary. Furthermore,
cocietal perceptions have been subject to reversals in thinking in the
past (e.g., the U.S. attitude to civil rights in the 1930's; the
German attitude to Hitler in the 1930's; and the U.S. attitude toward

0i1 shortages and an energy crisis in the mid-1970"s).

1.2.3 Special Considerations for LWRs
Risks have been frequently categorized according to several dichotomous

factors such as whether the exposure to the risk is voluntary, new,

-10-




comnon, catastrophic, dreaded, lethal or man-originated, etc. (Starr,
1969; Lowrance, 1976; Rowe, 1977; Otway, 1977; Fischhoff et al, 1979;
Litai, 1980). Nuclear power is unique in that it is in a ca*egory by
itself on these perceptual scales. It is perceived as new, uncommon,
dreaded, most likely lethal, involuntary and potentially c:tastraphic.
These factors have been us2d to explain the public's special concern

over nuclear power. They also hinder tne determinetion of acceptable

risk by simple comparison with other techinologies.

Current opposition to nuclear enerqy might be reduced by requiring
lower risk acceptance limits for reactors than for other technologies.
However, according to Otway (1978), the reasens for opposition to
nuclear power are related to social and psychological factors which -
probably would not be affected by changes in reactor technology that:;
reduce risk. BRodansky and Schmidt (1979) develop this point by
discussing the opposition to nuclear power in three parts: (1)
concerns about nuclear radiation; (2) concerns about nuclear weapons
proliferation; and (3) concerns about the general nature of society
and its future development. They suggest that the last set of concerns
relating to big government, centralized and impersonal technology, and

a technological elite, gives rise to the largest opposition to nuclear

power, which is a symbol for these concerns.

Stricter safety criteria may not calm these concerns. In fact, overly

strict criteria may give the impression that the strictness is needed

wl)e




to compensate foo some unknown factor that may have been overlooked
(Otway, 1978). If it caniot be demonstrated that the strict criteria
have neen met, the accestance problem may be aggravated if at some
Tater Jate the criteria arve relaxed. “osertheless, it can be argued
that sociasty wishes nuclear plants to be safer than alternative energy
sources. 't can also be argued that much of the concern about LWR
safety arises from a considerable uncertainty as to whether the

Stringent Criteria irtended to limit the frequency of a serious

accident have actually been met.

Proliferation of nuclear weapons is a concern not so much for the
nuglear power plant itself as for the entire fuel cycle. As such, the
co;cerns over proliferation as well as those over the nature of
society may strongly influence the choice of technology to generate

the desired electricity but are not such important factors in detor-

mining the acceptable risk due to the power plant itself.

The pussibly catastrophic nature of the effects of a large radiation
release coupled with a low frequency of occurrence make the a - eptable
risk question much more complicated than just setting limits on the
expected average consequences per year. While large, fairly constant
yearly losses may usually be planned for and accommodated by societal
adjustments, a large catastrophe requires consideration of the resil-

ence of society, that is, its ability to recover.
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the acidity of rain downwind. The latter cifect has become a major
environmental problem by degrading whole eco-systems. Unfortunately,
the economic and health impacts of this danage are not easily assessed,
though the impacts may be significant. On the other hand, should ex-
cessive dependence of the United States (and other industrial powers)
upon foreign oil supplies significantly increase the chances of war,

this may dwarf all other risks.

Sccietal willingness to iccept the risks of potentially large impacts
of the nuclear option must depend upon the potentially large impacts
of the alternatives. The only certainty in the consideration of
criteria for acceptable risk is that there i1l be conflicts whenever
societal decisions impose risks on a particular group. Analysis will
help clarify the issues, but it will not remove all of the uncertain-
ties or bring about consensus. Quantitative decision rules in a clear
framework may provide a practical compromise between analytical and
Judgmental approaches to acceptable risk (Starr and Whipple, 1980).
In order to fulfill this function, the logic behind the rules and
framework must be easily understood both by technical people and by
the general public and there must be some logical straightforward way
to demonstrate that the criteria have been met (Rasmussen, 1978/79).
Development of the framework and the numerical values used in the

rules will require much work and input from many parts of society.
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1.3 Soume Previously Presented Proposals

The overall philosophy and intent of the particular policies toward

risk determine the form and scope of the various risk acceptance
eriteria reviewed below as well as the proposed numerical parameters.
The criteria may deal with effects such as deaths or property damaqge,
with exposures to harmful agents such as radiation or pollutants, or
with the frequency of certain types of accidents. Criteria that address
effe<ts might be more easily related to a generalized policy toward
technological risks, yet be more difficult to apply than criteria that

deal with technoloqy-specific issues.

The risk criteria described below can be roughly categurized intogphree
groups: those that set limits on individual risk of death only; &ﬁose
that consider frequency of accidents and magnitude of the consequences;
and those that imbed the criteria in risk management frameworks that,
at least in part, consider risks from alternatives or other societal
endeavors. Some, but not all, of the criteria apply specifically to

nuclear reactors.

1.3.1 Individual Risk Criteria
®0ne of the early proposals for quantitative risk criteria for nuclear
reactors was made by Adams and Stone (1967) of the Central Electricity
Generating Board of Great Britain at an IAEA Symposium 01 Siting and

Containment. They proposed that the parameter determining acceptable
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than the 4ifferences that choice of site could make. The policy did

not consider property or other resource damage.

®Ihe apparently positive correlation between standard of iiving and
health has been used by Bowen (1975) to develop a general risk accep-
tance criterion for technological activities in the United Kingdom.
He suggests that the risks imposed upon society should be neqligible
or balanced by benefits. However, risk levels that can be scienti-
fically supported, say a 10'5 chance of death per year, cannot be
considered negligible in all situations, and balancing by direct
individual benefits is not possible in cases where the victim cannot
be readily identified in advance, for example, the one excess cancer
fatality that might be expected from the TMI accident. Bowen arguég;’

that the balance should be done macroscopically. ==

He assumes that the observed annual increase in life expectancy in
the U.X. is due to overall societal efforts, i.e., its investment

in "the industrial machine" of which any technological facility
forms a part. An additional yearly risk of death of 10" from a new
facility roughly balances the expected increase of an individual's
life expectancy during one year. Bowen asserts that if no invest-
ment is made in the industria) machine, the annual increase in life
expectancy may stop altogether. Hence, he chooses 10'5 per year as
a reasonable limit on the individual risk of death from a single

facility and assumes that no individual is exposed to more than a

17-




very few technological facilities.* If the increase in life
expectancy per year is larger than that in the U.K. (i.e., 0.05
years/year), a country might accept technological activities
involving a correspondingly larger risk, at least for accidents

which are not truly catastrophic.

With regard to accidents having a potential for a major disaster,
Bowen argued against requiring a lower frequency limit for which
compliance would be difficult to demonstrate or even achieve. He

-5 limit should be demonstrated to

suggested instead that the 10
a high confidence level when there is potential for a large cat-
astrophy. He felt that if a large accident were to occur, it would
ot be easy to distinguish between just being “"unlucky" or having

A—j;ccepted a risk analysis that greatly underestimated the risk. Be-
ing "unlucky" could be prevented by achieving a lower probability
for large accidents but at the expense of investments into the
industrial machine. Bowen argued that, if the aim is to have a
small chance (i.e. 1%) of having a large catastrephe in one's

Tifetime, a limit of 10'5 events/year demonstrated to high con-

fidence, say 99% or so, would be adequate; it would not help to

*In a personal commnication, he has since indicated that a larger
level of risk, more like 1077 per plant per year, may be more
practical for the individual living near a large chemical facility
(Okrent, 1977).
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restate the aim as 10'7 events/year, and besides, it may divert

resources, attention and effort.

Bowen did not distinguish between deaths occurring immediately
after an accident and those that are delayed for a few years, nor

did he consider risks other than individual fatalities.

1.3.2 Frequency-Consequence Approaches

The previous criteria dealt specifically with individual fatality
risks without directly including 1imits on other types of risk or
addressing the effects of a large scale accident. In the four
following proposals, special attention is given to the magnitude
of an accident. A basic common assumption is that the limiting
frequency of a particular accident should depend in some way upon fj;
its magnitude. Three of the sets of risk criteria deal with nucleaf&
power plant risks. The first proposal suggests a limit on the fre-
quency of accidental release of radioactive material, the second, on
frequency of individual exposure, and the third is concerned with
limits on the fatalities due to accidental exposure. The final
proposal in this section relates the required structural inteyrity

of a building to the intended use of the building and the number of

expected injuries, should it fail.

®At an IAEA Symposium on Siting and Containment, F.R. Farmer (1967)
of Great Britain, presented a much-to-be quoted paper, “Siting

Criteria - A New Approach.” [In it he proposed *hat probabilistic
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analysis be employed in reactor safety assessment and suggested
that the safety criterion of less than 0.01 premature deaths per
reactcr year be adopted. In addition, he proposed that a risk |
acceptance limit line be used to judge the acceptability of the
estimated occurrence frequency for any particular accident. The
severity of the accident was measured by the release in curies of
iodine-131, one of the Qo!atile fission products of greatest im-

portance in thermal reactor accidents.

The Farmer limit line is reproduced in Figure 1.1. The acceptable
frequency of occurrence of an accident fell off as the consequences
increased with a rate such that the expected contribution to risk
(frequency times consequences) was less for very large accidents
than for smaller ones (a negative slope of -1.5 on a log-log plot).
Farmer suggested that only a relatively few events would be near

the line for any reactor, and that these would lead to the princi-

1

pal contribution to premature deaths. Later British papers

(Beattie et. al., 1969; Farmer and Beattie, 1976) developed a
mathematical interpretation of the line and gave it a slope of
unity. Risk assessments were made by assuming that accidents
could be grouped to occupy each decade, both in frequency ana

magnitude of reiease, out to some limiting release.

The Farmer limit line does not deal spec:iically with effects

dependent upon population density and other conditions around




ctor Years

~ed
-

R

10

10

6

0

4

Not Acceptable

Acceptable

- 3
0° 10 10 10

Curies 1-131




the site. Therefore, the actual limits on effects, such as risk to
individual, property damage, or number of expected fatalities, must

be estimated from site specific analyses.

®1n late 1978, a proposal for probabilistic safety requirements for

use in licensing CANDU nuclear power plants was submitted by the
Inter-Organizational Working Group to the Atomic Energy Control

Poard of Canada for general public comment (RECB, 1978). The re-
quirements are in the form of quantitative frequency dose limits
and were intended to be conservative in ensuring that the likelj-
hood of a lethal dose (200-400 whole body rem) to any nearby re-

6

sident would be less than 107 per reactor year. Table 1.1 and 1.2

give the proposed reference values for radiation exposure.

The process failures include any problems with the reactor core,
heat removal systems, control rods, or instrument at ion needed

for regulation and control in normal operations. Special Safety
Systems include "protective devices,” such as the automatic shutdown
system and emergency core cooling system, and “containment provi-

sions."

Serious process failures would be required to occur less than 10'3
per year, and the unavailability of the Special Safety Systems
should be less than 10'3. Fstimates of the process failure rate

might turn out to be less than the limit, but the credit to be vsed

in calculating release frequency was to be no less than 10'3 per




Systems)

0-0.05

0.05-0.5
0.5-5

Reference

Whole Body

5-10
10 30

30100

Note:

TABLE 1.1

- PROPOSED REFERENCE VALUES (AECH, 1978)

Serious Process Failures

Reference Dose Interval

Rem

Whole BRody

TABLE 1.2 - PROPOSED REFERENCE VAL'JES

(In absense of Special Safety

Thyroid

0-0.5
0.5-§

5-50

Reference Value for the Sum of the
Predicted Rates of Occurrence of
Failures within the corresponding
Reference Dose interval

(Per Reactor Unit Per Annum)
10!

1072

1073

LR B

Process and Special Safety System Failures

Dose Interval
Rem

Thyroid

50-100
100 - 300

300 -1000

Reference Value for the Sun of the
Predicted Rates of Occurrence of
Failures within the corresponding
Reference Dose Interval

(Per Reactor Unit Per Annum)
10—‘

10°°

1078

The actual dose to the individual in table 1.1 will be less than

reference value which does not give credit for the Special Safety Systems.
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fatalities that might be caused by the accident. The report does
not discuss latent effects such as cancer, but individual latent

risk limits are implied by the frequency dose criteria.

®G.H. Kinchin of the Safety and Reliability Directorate of the UKAEA
has proposed a quantitative set of public health and safety criteria
for nuclear reactors (1978; 1979). Because of the difficulty in
balancing economic advantages against health risks, he suggested that
the criteria should be conservative. Unlike the previcus two sets

of criteria, Kiuchin propose- Iimits on the expected effects rather
than on the magnitude of release or expected dose. The criteria put
limits on individual and aggregate societal risks of both immediate

and delayed death due to reactor accidents.

rm

The conservative objective was to make the risk of immediate death
to an individual member of the public small compared with other
involuntary risks, and a value of 10'6 per reactor year was suggested.

Kinchin stated that possibly a higher value would be acceptable.

Kinchin suggested that in the attempt

“to arrive at a criterion for the risk of delayed deaths,
the following thoughts might be kept in mind:

(a) death at some relatively di:tant date in the future
is preferable to immeliate death;

(b) the effect of radiation-induced cancers on the life

expeci acy of a young person is greater than or
that of an older person;
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specification of limits on effects allows comparisons with other risks
and flexibility in design and siting to achieve the safety goals.
Kinchin emphasized that the design goals have to be supplemented by
good engineering practice and quality assurance prograins to ensure
that the safety goals are met. For any particular case, individual
rjsk of early and delayed death at the site houndary and the corres-
ponding societal risks of early and delayed deaths would be examined.

The most limiting criteria would then be applied.

The Construction Industry Research and Information Association (CIRIA)
of the U.K. has attempted to rationalize the safety and serviceability
factors for structures such as buildings and bridges by relating them

to social and economic criteria (CIRIA, 1977).

These criteria were expected tc vary with the size and intended use of
the structure and with the prevailing social and economic climate in
the country in which it would be built. They found it convenient to
consider human life and economic consequences of failure separately,
but acceptable risk levels in heavily populated buildings may be found

by a combined socio-economic criterion.

Historically, the annual risk of death to any person in the U.K due to

collapse of a structure is on the order of 1.4 x 10’7 per year. This

was taken to indicate that the public expects these risks to be small

compared to other risks to which they are exposed. The degree of safety




required also was intended to reflect the public aversion to the

failure of each class of structure.

By reference to statistics on each class of structure, the yearly

acceptable risk of failure, Rf, was deduced to have the form

whoere Nr is the average number of people expected to be within or near

the structure if it were to collapse and Ks is the social criterion
factor, given in Table 1.3 for various types of structures. The failure
risk Timit in each class s inversely proportional to the number of people
affected by the failure. However, the social criterion factor is also
seen to be swaller for structures that generally involve more people or
serve important public functions, so that there would be a very strong
aversion to failures that could injure a large number of people if the

criterion were to be uﬁud..
Table 1.3 Social Criterion factors, Kq (CIRIA, 1977)

Nature of Structure

Places of assembly, dams 0.00%
Domestic, office or trade and industry 0.05
Bridges 0.5
Towers, masts, offshore structures 5.0
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The economic criterion was formed by minimizing a total cost function

Et' given by

Ey = By * EqReng
where E1 is the initial cost, Ef is the consequential cost of

failure, and n, is the design life in years.

d

CIRIA noted that, historically, society has responded in a very risk
averse manner to large consequence failures and this has lead to
disproportionate expenditures to reduce those risks. Although this
aversion cannot be totally eliminated, they suqggested that it could
be rationalized somewhat by setting a limit on the expenditure, M, to

prevent a failure:

where " is a constant and Nr and Kr are defined as above. Ify is set
at & 25000, this would imply an expenditure of about 3106 per life saved

for low risk structures for which KS = 0,05,

1.3.3 Risk Management Approaches

Two common premises of the following risk management approaches are: that
society has a limited amount of resources to allocate for the reduction of
the risks that accompany the benefits of its endeavors and that these q
resources shouid be allocated wisely. ! .2y reflect concern that improper
actions to reduce risks may not minimize risk and may even give rise to

an increase in overall risks. The first two approaches are concerned




with general societal risk while the last two deal specifically with

nuclear power plant risks.

s a starting point for discussion on the subject of risk acceptance
criteria, Okrent and Whipple (1977) described a simple quantitative
approach to risk management which incorporated the following principal
features:

Risk assessment

Fach risk-producing facility, technology, etc., would have to
undergo assessment both of risk to the individual and to
socfety. The risk assessment would be performed under the
auspices of the manufacturer, owners, etc. It would be in-
dependently reviewed and evaluated. The decisfon on accept-
ability would be made by a regulatory group. For practical :
reasons, there would be some risk threshold below which no

review was required.

Graduated 1imits on tndividual risk

Socfelal activities would be divided tnto major facilities
or technologies, all or part of which are categorized as
essential, beneficial, or peripheral to society. There
would be a decreasing level of acceptable risk to the most

4 additional risk of

exposed individual (for example, 2 x 107
_§
death per year fer the essential category, 2 x 10 " for the

benefic’al category, and 2 x 10'6 for the peripheral category).
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Allowance for uncertainties

The risk would be assessed at high level of confidence (say 90
percent) which thereby reflected the uncertainties and provided
an incentive to obtaining better data, since the expected value

of risk must be smaller, the larger the uncertainty.

Internalization of residual risk costs

To provide incentive to reduce risk and balance some inequities
between those who receive the benefits and those who are burdened

by risk, the cost of the residual risk would have to be internalized,
generally via a tax paid to the federal government, except for risks
which are fully insurable and, like drowning, are readily attribut-
able. The government would, in turn, redistribute the risk tax as

national health insurance and/or reduced taxes to the individual.

Modest risk aversion

Risk aversion to large events would be built into the internaliza-
tion of the cost of risk, but with a relatively modest penalty.

If some technoloqy or installation posed a very large hazard at
some very low probability, and many do, a case by case decision
would be required, with considerable emphasis on the essentiality

of the venture.

Cost effective reduction of residual risk
A limit on the marginal cost of risk reduction could be imposed.

A safety improvement would be required if the marginal cost was
| i
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insurance companies. We need them to define actuarially
the existing state of well being and calculate effects
on it.

Lach person has a probability of dying in any particular
year, the value depending mainly on age. The existing
probabilities are well known for the United States. For
example, in 1975, 1.89 million died out of 2 population
of 213 million, giving an overall probability of 1 in 113.
For some specific age groups the values were: 1 to 4
years, 1 in 1425; 5 to 14 years, 1 in 2349; 25 to 34 years,
1 to 692, 55 to 64 years, 1 in 67. We can now answer the
question, "What does changing a risk do to a person's
existing probability of dying?" For instance, if a young
child were exposed to an additional risk of 1 in 100,000
(0.014 in 1425) in 1975, his overall risk for that year
would be 1 in 1425 plus 0.014 in 1425, or 1.014 in 1425,
For the purpose of discussion some guidelines, which may
depend somewhat on age, can now be stated in terms of
nunerical risk:

(1) Eliminate any risk that carries no benefit or is
easily avoided.

(2) Eliminate any large risk (about 1 in 10,000 per
year or greater) that does not carry clearly over-
riding benefits.

(3) Ignore for the time being any small risk (about
1 in 100,000 per year or less) that does not
fall into category 1.

(4) Actively study risks ialling between these limits,
with the view that the risk of taking any proposed
action should be weighed against the risk of not
taking action.

Clearly, these suggested guidelines are a gross over-
simplification. The unfortunate, overtaken by a one-
in-a-million catastrophe, have a 100 percent chance of
harm. The hard fact is that attempts to eliminate risks
for the unfortunate few tend to markedly increase them
for the rest of a large population. This idea is most
difficult to deferd practically, especially when the un-
fortunate few are known and the unfortunate many are
nameless. In addition, it is necessary to take inte
account such matters as validity and uncertainty in risk
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for regulation to avoid alternative risks due to short 3ighted
policy. Thcse risks include deprivaticn, social chaos and possible
constribution to chance of war due to overreguiation of domestic
energy supplies. As one measure of social cost, they estimate

that nearly one trillion dollars will be added to fuel bills in
this century due to delays, cancellations or non-commitments of

nuclear units.

NSAC suggested that any set of safety goals for nuclear power plants
should have the following attributes: (1) They must provide an
objective basis for requlator and utility analysis and agreement on
what is "safe enough". Thic must be clearly a "non-zero" risk goal
that considers the relative risks of the main alternative sources of
electricity and the social cost of shortages, interruptions and
large increases in costs. (2) They must be describable in terms
which are understandable and acceptable to reasonably informed lay-
men. They need not be acceptable t6 everyone, especially those with
extreme uncompromising views. And finally, (3) They must include
definitions for practical methods for design and operating deci-
sions that make full use of best-available data and decision pro-

CesSesS.

As a possible first cut at the formulation of a safety goal,
Zebroski suggested the following features:
(a) Reactor design and operation should insure that the

expected time to another core-damaging accident is
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not less than 30 years for the whole population of

reactors in the U.S.

;; -':‘ (b) Reactor and containment system design and operation

,& ‘5§ should insure that, given the occurrence of a core
danaging accident, there would be only a 1/1000 chance
that radiation would be released causing a total dose

of greater than one rem to any member of the public.

(c) The nuclear risk should be maintained at no more than
ﬁég - one-third of the total risk of the two largest alterna-
R u

tive sources of electricity.

(d) Improvements to reduce nuclear risk to 1/10 or less of
the main practical alternative sources should be soughgg-
but implemented only if they are cost effective and
have no measurable effect on the cost or availability

of energy.

(e) Emergency plans should provide a less than 1 in 3 hundred
chance that the total populaticn dose be more than 5000

man-rem even if containment failure were to occur.

To implement (a) and (b) relative risk assessment methods were to be
used with existing operating experience as a base. A factor of five
improvement was considered adequate to meet the goals. Statistically

rigorous formulations with defined confidence levels and permissible
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error bounds were to be used and the cumulative effects of the actual

total population of operating reactors were to be included.

It was also suggested that the goals should be stabilized for at least

10 years to prevent the delays associated with regulatory uncertainties.

The proposal clearly indicates that NSAC believes that the reactors are
very much safer than the Slternatives and that the goals suggested are
conservative relative to the safety levels achievable by the alternatives.
However, there is some question as to how one would compare the risks of
different types which arise from the various alternatives (e.g. expected
number of fatalities may not be an adequate measure when comparing low
frequency, high consequence accidents with the chronic risks of the coal
fuel cycle). The limit of 5000 total man-rem, given an accident which
breaches the containment, drew comment at the ACRS subcommittee meet ing.
It was consi“ered very low; in fact, it is comparable to some of the
pctimates for exposures due to the TMI accident which released a very
emall amount of radioactive material compared to that expected to be re-

leased in the event of containment failure after a core melt accident.

®rhe Atomic Industrial Forum (AIF) is also actively involved in developing
the use of probabilistic risk assessment (PRA) in the regulatory process
(AIF, 1980; 1980a). They have proposed that PRA should support, not
supplant, the current deterministic requirements and be used to suggest
and justify changes in those requirements. Its use then would be as a

basis for generic requirements and not, under present conditions, as a
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licensing condition for construction permit or operating license
applicants. A common PRA methodology would be developed so

that the PRA could be done as realistically as possible, with the
degree of uncertainty and conservatism explicitly stated.
Finally, quantitative safety goals would have to be established
for PRA-based decision making. The AIF proposal is outlined

below.

Basic principles for safety goals
®he goals should be generally applicable to all technologies
or risk related activities.
®rcceptable societal risk should reflect societal benefits.
%o individual should bear an inordinate share of the risks.

®The goals should promote opt imum allocation of resources in

1.

reducing risk.

Elements to be addressed 1in quantitative safety goals

®, 4ividual health effects.

The incremental risk of adverse health effects to the maximally
exposed individual in the vicinity of a nuclear power plant site
should not result in a significant increase in annual mortality
risk or in significant shortening of statistical life span. The
suggested goal was an incremental individual mortality risk of
lo'slyear. This is a small fraction of existing background risk
due to all causes (a 0.1% of the total mortality risk and A 1% of

the accident mortality risk).
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'Population health effects.

The incremental cumulative risk of adverse health effects to the
exposed population per 1000 MW(e) of nuclear power capacity, con-
sidering the probability and consequences of events integrated
over the spectrum of potential accidents, should be no more than

a small fraction of the average background incidence of health
effects. The suggested goal was 0.1 fatality per 1000 MW(e) year.
This represents about 0.001% of the total mortality risk and about
0.005% of the total cancer risk, assuming a total nuclear capacity

of 200,000 MW(e).

®cost berefit ratio

The benefit, in terms of population risk reduction, afforded by a
change in plant design or operating procedure should be comparable
to that which is generally achievable through alternative invest-
ments of the cost of the change in other areas of public risk re-
duction. The suggested goal was $100/man-rem. This was stated to
be equivalent to $1 million/life saved and comparable to the median

cost-benefit ratios for other health and safety protective measures.
®Core degradation probability

A 1imit should be established for the probability of accidents
involving serious core degradation such that, given the expected

population of reactors, the recurrence interval for accidents as




serious at the one at Three Mile Island would be on the order
of one per several decades. This would establish minimum re-
requirements for accident prevention and is intended to prevent
undue emphasis on mitigation of accidents. It would also reduce
the frequency of stress provoking events for populations near

plants and limit the economic risks of accidents.

The AIF suggested that the initial set of values should be used on an
interim basis for a trial period of three years. It was also recognized
that it is important for qualitative judgement to supplement the quanti-

tative goals, particularly in borderline cases.

1.3.4 Observations

The ten quantitative risk proposals reviewed above demonstrate the effect
of overall safety philosophy and policy on the choice of framework aﬁd ihe
numbers used for the various categories of risk. Concern over community
losses has led to limits on the total number of fatalities (for example,
Farmer, 1967; Kinchin, 1979; CIRIA, 1977, Okrent and Whipple, 1977; AIF,
1980) while other proposals are only concerned with individual risks
(Adams and Stone, 1967; Bowen, 1975; AECB, 1978; Comar, 1979). Of those
that address community risks, some considered a large scale accident (or
catastrophe) more costly than many accidents resulting in the same number
of fatalities, while others set limits only on the expected number of
fatalities averaged over time. Given these variations in items considered
important for safety regulation, it becomes clear that comparisons with

the risks of alternate technologies will not be straightforward.
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It chould be noted that the criteria discussed above have dealt directly
only with public health and safety issues. Any complete risk management
framework must also consider property damage and threats to important

resources such as forests, farmland and major aquifers.

1.4 Some Problems in the Use of Quantitative Safety Goals

Several sets of problems have to be adddressed if quantitative safety
goals are to be used to improve the management of risk. They arise
in the establishment of the goals, in the achievement of compliance with

the goals, and in the demonstration of that compliance.

1.4.1 Establishing the Safety Goals

As discussed earlier, safety impacts are one of several sets of impacts
that are considered in the multilevel decision whether to build a parti-
cular facility at a particular site. A quantitative risk management

framework must be compatible with all aspects of the decision and impact

considerations.

Much of the concern over the use of cost and risk-benefit assessment

is due to its lack of crupleteness and its sensitivity to the assumptions
used in the anaiyses, which are not always clearly stated in the pre-
centation of results. One of the fears is that a single number, which

is both uncertain and based upon tenuous assuaptions, will be used to
make decisions. Also, some broader philosophical problems arise. Harold
Green (1975) has said that “the question is whether safety determinations

of public policy import are, or should be solely within the province
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of ary single discipline or whether they should reflect the collective
wisdon of an amalgam of disciplines or viewpoints, expert as well as
non-expert.” He recommended that the analysts should make their results

open and understandable, with the assumptions and uncertaint ies stated

clearly, and that the analysis should be used as input to the decision
process and not as a substitute for it. Reliance on a single number
would not allow for a grey scale and would obscure more subtle issues
(Green, 1975a). In light of these concerns, workable risk management
framevork would have to be a synthesis of many viewpoints, would have to

consider many aspects of risk and the various tradeoffs, and would have

to deal explicitly with uncertainties.

It is noted that the Advisory Committee on Reactor Safequards in its
letter of May 16, 1979 to the NRC, in which it reconmended that the NRC
develop quantitative safety goals, also recommended that “Congress be ~
asked to express its views on the suitability of such goals and criteria

fn relation to other relevant aspects of our technological societys.s"

(ACRS, 1975).

1.4.2 Uncertainties

Important uncertainties in the management of risk arise both in the
estimation of the types and magnitude of all the impacts and in the
prediction of the effects upon those impacts of various interacting
policy options. Many important impacts may be left out and the assign-
ment of a common measure of cost to the impacts that are included is not

possible without controversye.
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to outright abuse. For these reasons, measures for quality assurance
in the methods and performance of the analysis should be developed and

peer review should be required.

1.4.4 Conflict

The variation of both societal values and societal risks, as well

as the uncertainties ir the estimation of those risks, ensures that
there will always be conflict in the management of risk. While the
adversary nature of the decision process allows for each side to be
heard and makes possible a better decision, there will never be
complete consensus on all of the issues whenever society imposes risks

on a particular group, even if it is for the overall good of society.

After the form and the numbers of a management framework have been

-
-~

established, there should be a clear straightforward method to decide
whether the criteria have been met. The conflicts then, might logi-
cally be separated into questions of goal setting and goal achievement.
The risk management framework itself will be the result of the resolu-
tion of the first set of questions and it must provide a means of
resolving the second set of questions in the presence of uncertainties
and even without consensus, so that the improvements in the decision
are not overshadowed by the costs of the conflict and the associated

delay.
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2. RISK MANAGEMENT AND DECISION RULES FOR LIGHT WATER REACTORS
J. M. Griesmeyer and D. Okrent

2.1 Introduction

A central issue in energy policy is the controversy over the risks
from various technologies to generate power. The conflict arises in
the attempt to balance many types of risks and benefits and is deeply
rooted in the variation of societal values used in making comparisons.
The situation is further ccaplicated by the large uncertainties
involved in the estimation of risks and benefits. The cost of the
conflicts to society is great and means need to be found to resolve

some of the conflict and reduce its cost. -

The safety philosophy used by the NRC, often called the "defense in
depth" concept, has provided a substantial amount of guidance which is
contained in the NRC rules and regulations and in NRC Staff documents
dealing with the safety of nuclear power plants, such as regulatory
guides and branch technical positions. However, since it is basically
a risk reduction philesophy without fully articulated safety goals, it
does not directly address the question: “How safe is safe enough?",
nor does it quantify the residual risk which is implicitly being

accepted.
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The risks that arise from the mining and processing of fuel and the
dispcsal of wastes nust also be managed. However, these additional
parts of the fuel cycle are separate undertakings from the reactor
itself and are not addressed here. Occupational risks to reactor

nlant personnel are also not addressed herein.

Risk management in this proposal is divided into two major tasks: the
predominantly social and political task of setting the safety goals
and the technical task of estimating the risks and deciding whether

the safety goals have actually been met.

The safety goals are expressed in the form of a set of quantitative

decision rules which include:

e Limits placed on the frequency of occurrence of certain

hazardous conditions (hazard states) within the reactor

e Limits placed on the risk of the individual of early death,

or delayed death due to cancer arising from an accident

Limits placed on the overall societal risk of early or

delayed death

An “as low as reasonably achievable" approach applied with
a cost-effectiveness criterion that includes both economic

costs and a monetized value of preventing presature death




o A small element of risk aversion applied to infrequent
accidents involving large nuimbers of early deaths compared
to a similar number of deaths caused by accidents each

involving one or two deaths.

Fach decision rule on hazard states and on individual and societal
risk consists of a pair of numbers: an upper, non-acceptance limit on
risk and a lower, safety-goal level of risk. Compliance with the
upper limit would be required for extended uneration of the plant;
otherwise, it must be improved within a certain period of time (to be
determined) that depends upon the severity of the risk invoived. On
the other hand, any risk value lower than the safety-goal level would
_be considered in compliance for the particular category of risk.
However, risks must be further reduced below these safety-goal levels

whenever improvements are possible that meet certain cost effectiveness

criteria for risk reduction. Between the upper non-acceptance limit

and the lower safety-goal level of risk is a digressionary range in
which case by case consideration of uncertainties, regional need for
power, and alternative risks are required in the decision as to
whether the plant should be allowed to operate for an extended time

without modification.

The rest of the framework deals with the task of risk quantification.
A major tool for *his effort will be a plant and site specific quanti-
tative risk analysis which is essentially a probabilistic estimate of

the distribution of risks. The details of the analysis will form a
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range, the severity of the risk, uncertainties in risk estimation,
compet ing risks, and the regional need for power are cons idered

in marginal cases. Risk estimates below the goal level will be
considered to be in compliance with the risk limit desired in the
particular risk category. In addition to compliance with the risk
linmits, risk mu.st be further reduced whenever improvenents are possi-

ble that meet certain cost-effectiveness criteria.

The limits are meant to flag conditions judged tentatively not to be
acceptably safe or only marginally so. While the current public
attitudes may be such that society wants the limits on nuclear risks
to be less than those set upon the risks of other technological
options, the fact that the alternatives also impose risk upon society
suggests that the limits should not be set so low as to render the
nuclear option infeasible in situations where the alternatives may

pose greater risks.

In the analysis of accidents, both the frequency of each accident
scenario and its consequence are uncertain. Some of the uncertainty
is due to the randomness in the initiation of possible accident
sequences and in the conditions internal and external to the facility.
The risk analysis is an attempt to estimate the distribution of
frequency and consequences. However, there are uncertainties in the
estimate due to a variety of reasons including the following: inade-
quacies in failure rate data for the plant components; shortcomings in

models of plant systems and in the models of the emergency plans; the
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difficulty in analyzing certain scenarios such as sabotage; and
possible errors and omissions from the analysis. The form of the
decision rules is intended to compensate for some of this uncertainty.
Limits are placed on the expected values of the various risks. These
expected values are the weighted average of the probabilities and
therefore reflect some of the uncertainties (e.g., the ratio of the
expected value to the median value increases as the uncertainty
increases). Also, limits are placed both on the frequency of a fuel
damaging accident and on the risk of a large release of radioactive
material assuming the occurrence of fuel damage, thereby requiring

both prevention and mitigation.

The decision rules proposed herein are for new plants and may be more &

stringent, possibly by a factor of two or more, than is deemed appro- aar

priate for existing plants.

2.2.1 Hazard States

Although the primary aim of the NRC is to protect the public health

and safety, accidents which damage the facility without a significant
release of radioactive material offsitg must a)so be addressed, partly
because they represent possible forerunners of more severe accidents
and partly because of public and utility economic losses, and because
of the potential traumatic effect on the public. Hence, we have chosen
to define a set of hazard states of progressive severity and to set
limits on their rate of occurrence. Such an approach provides a

structure for both accident prevention and accident mitigation.
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An optimuim set of hazard states and limits will take time to develop
and test. The following set of hazard states of progressively in=-
creasing severity, each with a specific operational definition, is

proposed on a tentative basis:

Significant core damage (» 10% of noble gas inventory

leaking into the primary coolant)

Large scale fuel melt (> 30% of the oxide fuel becoming

molten)

Large scale uncontrolled release of radioactive material
(»10% of the iodine inventory plus > 90% of the noble gas

inventory) from the containment.

Table 2.1 summarizes the proposed decision rules concerning the hazard

states. The basis for the limit on significant core damage is the

goal that the frequency of occurrence'for an accident of atout the

severity of the one at Three Mile Island should be less than or  in
100 in a reactor lifetime. This places considerable emphasis on
accident prevention and serves to reduce societal trauma and financial

loss. The limit on fuel melt serves as 4@ similar function. The limit

on the frequency of a large off site release, assuming that a fuel
melt has occurred, places emphasis on mitigation as well as prevention
of serious accidentsS. such a division between sccident prevention and
accident mitigation is believed to be necessary because of the diffi-

culty in demonstrating with a very high degree of confidence that a




Table 2.1 Limits on Occurrence of Hazard States

Decision Rules on Mean Fregquency

Hazard State Probability Goal Bait Lawed tpes Sk

Significant Core Damage
(> 10% of noble gas inventory Less than 1/100 f
leaking into primary coolant) per reactor lifetime s

!
<m0t e 4 <cxio”?

d d

per reactor year per reactor year

Large Scale Fuel Melt - LSFM

|
I
(> 2% of oxide fuel becoming . Less than 1/300 | fm <!xl()"1 | fm <Sx!0'4
molten) per reactor lifetime |
| per reactor year per reactor year
! Large Scale Uncontrolled Releasef ‘
: from Containment given LSFM g Small, given a Large .| fR/m < 0.01 » fR/m <0.1
& (> 10% of lodine inventory ' Scale Fuel Melt i
o |

and 90% of noble gas) per LSFM | per LSFM

e

fcd is the frequency of Significant Core Damage per reactor year.
fm is the frequency of Large Scale Fuel Melt per reactor year.

fR/m is the frequency of Large Scale Uncontrolled Release per Large Scale Fuel Melt.

The upper non-acceptance limits must be satisfied for extended operation of a new plant or for
issuance of a construction permit, Between the upper limits and the goal levels is a discretionary
range for case-by-case consideration of uncertainties and competing risk. Once the risk leve!l
decision rules have been applied, risk must still be reduced if such reduction is reasonably
achievable within the cost-effectiveness criterion of Table 2.4.



frequency of large scale fuel melt much less than the proposed goal of
-4

10°" per reactor-year can be achieved in view of the complexities
introduced by consideration of matters such as sabotage, earthquakes,

and other potential multiple failure scenarios.

2.2.2 Individual Risks

Fquity considerations naturally lead to the notion that an individual
should not be unduly burdened by risk. However, the defimtion of
undue risk is complicated by consideration of the risks due to the
alternatives and by controversies over the evaluation of different

types of risk.

Individual health and safety risks posed by the light water reactor

}LNR) include early death and illness, fatal and nonfatal cancers, and
genetic effects. It is presumed here that control of early deaths and
latent cancer deaths will adequately control the other effects as
well. For the purposes of the decision rules, we consider the genera-
tion of electricity to be an activity important to society and set the
limits below background risks or those from the principal competing

source.

In the United States, girls 10-14 years of age have the smallest death

4 per year, which is due primarily to accidents.

rate, approximately 10~
This mortality rate is typical of many occupational risks, and is about

two orders of magnitude greater than that posed by risk situations
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Table 2.2 summarizes the proposed decision rules for risks of delayed
cancer death and of early deith to the most exposed "average" individ-
uals.* Note that only a few people will have risks as high as the most
exposed individuals who presumably reside close to the plant site
boundaries. Most people will be exposed to risks lower than the goal

levels.

The limits on the risk of death, assuming that a large-scale fuel melt
accident has occurred, require that special attention be given to
mitigation of an accident and to offsite emergency plans. Indeed, by
inspection of Tables 2.1 and 2.2 it is found that, if both the goal
level for fuel melt and the goal levels for individual risk of delayed
or early death, given a fuel melt, are met, then the product gives
risks of delayed and early death a factor of five less than the goal
levels of individual risk. If only upper limit on both fuel melt and
individual risk, given fuel melt, are satisfied, then the individual
risks found from the product of fuel melt frequency and risk, given

fuel melt, are still below the upper limit on individual risks.

*For the purpose of applying the decision rules, the est imat | redia-
tion dose to the most exposed individual will be found using : :alistic
models including possible emergency plans. This will be done for ell
significant accident scenarios. The "average" individual will be
operationally defined as an individual whose response to the dose is
the sane as the dose response averaged over a represenative distribu-
tion of the population.



Table 2.2 Limits on Risks to Most Exposed Individual

Y i
Necision Rules or Mcan Frequecy per
$13 n ite- ‘ L le Fuel Melt-LSFM
Probability Goal Mean Frequency ner Site-year arge Scale Fuel Melt LS

Upper Limit T~ Goal Level

Goa! Level Upper Limit

probability of delayed death | £, <Sx107° | 252107 | £, <0.01 ™
€£rom cancer due to all reac- ; ’ -
tors at a site over lifetime per site- per site-year per LSFM - per LSFM

~n - !
v year i
Of ;nleldual <0.VCOD :

-Nn.0N%

1

— :
|

1

|

!

Probability of early death fe <1x10'6 f <Sx10'6 - £ m<o.goz £ L <0.Mm

due to a reactor accident 4 ed ed/' " ed/'
over lifetime of individual P iEe POT S1Te-yoat per LSFM per LSFM
< 0.0001 year

the individua! risk of delayed cancer death per site year.
the individua! risk of delayed cancer death per large scale fuel melt,
+he individua! risk of early ceath per site year.

fed/m is the individual risk of early death per large scale fuel melt.

The upper non-acceptance 1imits must be satisfied for extended operation of a new plant or for
issuance of a construction permit. Between the upper limits and the goal levels is a discretionary
range for case by case consideration of uncertainties and competing risks. Once the risk level
decision rules have been applied, risk must still be recuced if such reduction is reasonably
achievable within the cost-effectiveness criteria of Table 2.4,
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This overlapping of requirements is intended to ensure that the

individual risks are small even if omissions from the analysis cause
underestimation of various risk components. It also provides details
that will be relevant in the case by case consideration of riscks that

are estimated to be above the goal levels but bilow the upper limits.

The intention here is to put an upper limit on individual risks due to
LWRs and ensure that the most significant individual risk arises from
elsewhere in the environment. The proposed limits may actually be too
low when one considers what is achievable by the major alternative

technologies to generate electricity or when one considers other major

political and economic factors.

2.2.3 Societal Impacts

The aggregate societal public health and safety and environmental risks
due to an LWR are just part of the costs which are crudely balanced
with benefits and other socio-political factors in the decision

to build an LWR. Because of the societal trauma and other secondary
impacts that affect societal resilience in the event of a catastrophe,
the societal cost of a single large accident may be greater than that
of a large number of smaller accidents which , in the aggregate, kill
the same number of people or cause the same amount of property or

environmental damage.

A related problem arises when assessing the risks due to low frequency

high consequence events if the frequency is so low that it is very
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unlikely for the event to occur during the lifetime of a particular
facility or even a large number of facilities. In this case, presen-
tation of the risk only in terns of the expected risk (frequency times
consequence) simultaneoulsy overestinmates the costs that must be
absorbed by society in the normal! year but obscures the threat of a

ina jor catastrophe.

The decision rules for the management of societal impacts in the
current proposal are separated into two major groups. The first group
sets limits on societal risks and, as in the case for the hazard
states and individual risks, compliance with these limits would be a
necessary condition for the plant to be considered as an alternative
to supply the needed electricity or for extended operation of a new
plant. The second group of decision rules uses an "as low as reason-
ably achievable” cost-effectivness criterion to judge whether addi-
tional risk reduction is roquired beyond that level of safety required

to meet the other decision rules.

2.2.3.1 Public Health and Safety Impact Limits

in the case of societal health risks it is assumed that the control of
both early and delayed deaths will adequately control otner effects,
and the limits are placed accordingly. Societal benefits can be
crudely measured by the amount of electricity generated, and we have

]

chosen to express the limits in terms of 10 v kilowatt-hour {(kWh).

This corresponds to the output of a 1200 megawatt electric plant
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operating at full capacity for one year or that of a 1000 megawatt

electric plant operating at 75% capacity for about 1.5 years.

It has been suggested in the literature that society is risk averse
when comparing a single infrequent large accident with a number of
small accidents leading to the same total number of fatalities in the
same time period. A simple approach which assesses an equivalent social
cost that increases faster than the actual consequences for events

involving multiple deaths uses an equation of the form

Equiva i -
q lent social cost }2; (Frequcncy)(Consequencef"
accidents

in which &€ is greater than unity. If@Qis equal to one, the equiva-
lent social cost would be the same as the expected cost (frequency
times consequence). Although values of o€ as high as 2 or 3 have been
proposed in the literature for fatalities from accidents, such values
would prohibit many existing technological endeavors because of the
extremely high equivalent social cost, (e.g., dams or large quantities
of hazardous chemicals stored close to population centers). We do

not believe society is consciously plecing such high risk aversicn
penalties on needed activities, nor that it can afford to (Griesmeyer,

Simpson, and Okrent, 1979).

In this proposal it is suggested that the social cost for delayed
cancer deaths should be assessed as equal to the expected number of

fatalities (i.e., o =1). The range on the estimated number of people
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who die from the pollution arising from a coal-fired plant which

generates 1010 kun is about 10 to 200 (Hamilton and Manne, 1978); 10

per 1010 kWh is proposed here as the upper, nonacceptance limit on
the delayed cancer deaths due to a nuclear power plant; the goal level

is that there be less than two cancer fatalities per 1010 kWh.

To provide incentives to reduce the catastrophic potential of accidents,
we tentatively choose to assess the equivalent social cost of early
deaths using©K-1.2; hence the equivalent early death cost of the

plant, Eed' would take the form

Eed = Z (Frequency) (Early Doaths)l'z
accidents

The limits on equivalent early deaths are reduced by the same factor
of five from the delayed cancer death limits as was done for the
limits on individual risk. Table 2.3 summarizes the decision rules

for suocietal health risks.

2.2.3.2 Property and Resource Damage

In addition to public health and safety risks, large scale land and
water contamination are important potential hazards associated with an
LWR. The available information of a site specific nature is not in
sufficient depth to assess fully the impacts of a fuel melt accident
on water resources or land use, and its potential effect on future
siting policies or reactor design requirements. More study of the

potential nature of the land contamination proble. , its effects, and




Table 2.3 Societal llealth Risk Limits

Measure of Risk Decision Rules on Societal Health Risks

Goal Level | Upper Non-Acceptance Limit

Ed = the expected value of: £ <2 . F < 10
d d
10

:E: (Frequency) (Delayed Cancer Deaths) per 1010 Kiih | gor 10 KWh

accidents
and normal operation

Eed = the expected value of:

:E: (Frequency) (Early Deat’ns)l'2

accidents

is the average number of delayed cancer deaths per 1010 kWh of
electricity generated.

Eed is the average number of equivalent early deaths per 1010 kWh
of electricity generated.

1010 xWh is the amount of electricity generated by a large (1200 Mie)
power plant operating at full capacity for one year.

The upper non-acceptance limits must be met for extended operation of a new plant or for issuance
of a construction permit. Between the upper limits and the goal levels is a discretionary range
for case by case consideration of uncertainties and competing risk. Once the risk level decision
rules have been applied, risk must still be reduced if such reduction is reasonably achievable
within the cost-effectiveness criteria of Table 2.4.




possible means of dealing with it, including remuneration for financial
loss, appears to be needed. For example, the effect of the release of }}
a substantial amount of radioactive material on a specially fertile

and productive farm area must be considered. Some insight into the t?
impact of loss of resources may be obtained by examinatinn of the

recent Kepone incident in Virginia and the eruption of Mt. St. Helens

in Washington.

A risk management framework should address these issues, but the &
development of measures of these risks has not been completed, and
sound rationales for specific limits, if any, on such risks remain to
be proposed. Economic measures of environnental risks usually include
only damage that has direct health and economic effects. However,
there is the unquantified (at this time) damage to the environment's
ability to absorb pollutants and provide life support. It is possible
that these risks are at least as significant as the direct health
risks for some technologies (e.g., the effects of the acid rain from

the burning of fassil fuels).

It may be possible to estimate the social cost of certain types of
resource damage. ‘owever, these estimates must properly treat low
frequency-high consequence events and reflect the fact that marginal

replacement costs are not adequate when the losses are large.

| S

s R
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With respect to quantitative limits on economic losses, it may only

ol -

be feasible to identify important resources that need special attent ion
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such as major aquifers and productive farmland and, beyond some
threshold leve! of adverse effect, te require special consideration in
licensing., We do not propose any limits on economic losses in Lhese
decision rules. Resource damage 1$ included, however, in the proposed

measures for societal impaci reduction discussed in the next section.

2.2.4 Societal Impact Reduction - ALARA

Compl iance with (he risk lTimit decision rules will help assure that
nuclear power plants de not pose undue risk to society when compared
to the aiternative means of generating electricity. Balancing of risk
and benefits can only be done very crudely; hence, after the limits
have been met, it is proposed that the risk be further reduced to the
lowest reasonably achievable levels. Depending upon the feasibility
of risk improverents, this requirement will determine the actual

residual risk of a particular facility.

We propose to use an "as low as reasonably achievable" (ALARA) cost-
effectiveness criterion to judge whether additional risk reduction is
required beyond that level of safety required to meet the other
decision rules. The cost of an improvement would be balanced against
the combined change in economic losses and in the risks of delayed

cancer deaths and equivalent carly deaths.

While there is some limit on how much the United States can afford to

spend to reduce risk from all of its technological activities, lest
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economic instability lead to greater risk directly or indirectly, the
current perspective on nuclear reactor may be such that society is
willing to spend more for LWR safety than for many other things. When
cost-effectiveness considerations are employed, the marginal cost
limit on expenditure for reducing single fatality risks used by
various Government agencies ranges from about $0.1 million per death
averted by the U.S. Department of Transportation, $0.2 to $2 million
per death averted for various analyses by the Consumer Product Safety
Commission and up to roughly $5 million in the NRC application of
ALARA to routine release of radioactive material (Baram, 1980). A
much wider range is implied if one looks at requlatory requirements
that were implemented without direct consideration of cost-effective-
ness (Cohen, 1980). It is tentatively proposed that the marginal cost
limit on expenditures be set at $1 million per delayed cancer death
averted and $5 million per equivalent early death averted, when
"equivalent" deaths are calculated using the coefficient oL=1.2 for
risk aversion. These high limits are chosen because of the special

public concern over radiation risks.

It is anticipated that careful study will be required to quantify the
economic losses due to property and resource darage. In order to
stress prevention rather than repair of possible damages, and because
of uncertainties and the fact that some impacts cannot be quantified,
it is proposed that the marginal cost limit on expenditures to reduce
adverse economic impacts be twice the expected reduction in impact

when applying the ALARA criterion.
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Table 2.4 Quantified ALARA Cost -Effectiveness Criteria

Expenditure Limits for Impact Reduction

SRR

$1million per delayed cancer death averted $1 x l06/(¢\l~:d L)

R T s e e &

$5 million per early equivalent death averted $5 x 106/(Aﬁed L)

2 times the economic loss (due to resource 2/(AE_ L)
damage) averted r

A particular improvement is "cost-effective"
and required if

Cost < [ 28F_ + ($5x10%) (Asedh(nxm‘s) (BEH] L

. — - e et e ettt S A — S ——

AE, is the change (due to the proposed improvements) in the expected
value of:
(Frequency) (Delayed Cancer Deaths) - s

accidents
and

normal

operation

AE . is the change (due to the proposed improvements) in the expected
value of:

:E: (Frequency) (Early Dcaths)l'2
accidents
AE_ is the change (due to the proposed improvements) in the expected

value of:
Z (Frequency) (Economic Losses)

accidents

L is the remaining lifetime of the plant {n units of 1010 kth to be gern:

and the frequencies are calculated per 10 O kWh. This is the amount of . -
tricity generated by a large (1200 Mye ) plant operating at full capacit
one year.
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2.3.2 Preparation, Review and Maintenance of the Safety Profile

Much of the methodology used in probabilistic safety analys:s is

relatively new and, as such, two major problens must be addressed.

The first is the lack of quaiified prac’.itioners and the second is the
controversy that still exists regarding the use and interpretation of
the methods. The development of quality assurance criteria for
protabilistiz analysis to be used in nuclear reactor licensing will be

required.

It is proposed that the NRC have the responsibility for evaluating
methodologies and results provided by the reactor owner, and also to

arrange for a third party review of the probabilistic risk assessments.

An engineering safety group within the licensee crganization would
have the ultimate responsibility for the development, use, and main-
tenance of the safety profile, although original preparation will have
to be directed or attested to by the equivalent of a well qualified
professional engineer whose speciality is nuclear reliability, safety
and risk assessment. The engineering safety group would investigate
the impacts of new issues and operations experience with reference to

the safety profile.

2.3.3 Certification of Results
The large uncertainties inherent in the calculation of risk frem rare
events makes it impractical to achieve universal agreement on the

quantitative results, and one must anticipate continuing disputes




between the licensee, the NRC Staff, and others regarding the quanti-
tative levels of risk. The actual set of decision rules would have been
chosen through a political process which considers questions of risk
acceptance. However, in order to implement the decision rules, a legally
binding method must be developed to provide closure on the question of

the risk distribution estimates to be used with the decision rules.

A possible approach to this problem would be to establish a Risk
Certification Panel. After the third party peer review of the analy-
sis arranged by the NRC had been completed, the pancl would be given
the statutory authority to make a legally binding determination of
those risk distribution values to be used in the application of the
decision rules. The panel may or may not be independent of the NRC.
However, if it is established within the NRC, it should be separated
from the licensing staff who would be making decisions with reference

to application of the decision rules.

It is hoped that the proposed framework will stimulate discussion and
help in the process of developing and adopting safety objectives in

quantitative terms.
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3. APPLICATION AND IMPLICATIONS OF TRIAL RISK ACCEPTANCE CRITERIA
D.H. Johnson and W.E. Kastenberg

3.1  Introduction
The formulation of quantitative safety goals or risk acceptance cri-
teria requires an understanding of how such goals or criteria will be
applied and what implications they would carry. Several forms of risk
acceptance criteria have been proposed which not only represent diverse
approaches but also would present a variety of implications if put into
practice. These implications arise from such diverse considerations as
the purpose of the criteria, the mode of their application, the treat-
ment of equity and uncertainties, the application of risk aversion and
As Low As Reasonably Achievable (ALARA) concepts, the characterization
of consequences, and the adequacy of the framework to deal with dynamiﬁ

demographic variables as well as delayed versus early health effects. t -

The objective of this paper is to investigate some of the implications
inherent in the application of a trial set of risk acceptance criteria.
To this end a simplified set of trial criteria is presented in Table
3.1.1. As may be noted, two levels of criteria are given: a goal level

and an upper limit.

In addition a power-law model of risk aversion is utilized to estimate
the equivalent number of individual deaths and is treated parametri-
cally. The implications of ALARA requirements for cost-effective im-
provements are also illustrated. Individual and societal risk accep-
tance criteria together with mechanisms to address risk aversion and
cost-effective considerations constitute a framework for risk manage-

ment.
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TABLE 3.1.1 TRIAL RISK CRITERIA

Type of Criteria

Goal level (upper limit) for risk
of delayed death to the most
exposed individual

Goal level (upper limit) for risk
of early death to the most
exposed individual

Calculated expected value of the
societal burden

Suggested Value

51076 (2.5x107)per
site year

1x10°8 (5x10°%)

site year

per

10 deaths per site year






risk of early death is estimated for the pressurized water reactor evalu-
ated in the RSS scaled to a power level of 2895 MWt from data supplied by
Sandia Laboratories. The individual risk of delayed death is estimated
from information supplied by the NRC staff and was based on the RSS
reactor. Societal risk estimates for both latent and early death are
based on the RSS reactér. and on the RSS reactors scaled in size and
placed, for example, on the Indian Point site* [2]. The effect of in-

creasing the RSS risk estimates by a factor of 100 is also discussed.

The assessment of societal risks due to coal-fired power plants is based
on a study performed at the Brookhaven National Laboratory [3] of four
hypothetical 1000 MWe plants located near Pittsburgh. Health effects
were correlated to the sulfate concentrations in the airborne effluents.
Individual risks are estimated from societal risk estimates [3], as wel)

as from a study of the implications of air quality standards [4].

In 1978 the Health and Safety Executive of the United Kingdom [5] comple-
ted an analysis of the risks associated with the Canvey Island industrial
complex. The complex includes petroleum tank farms, LNG facilities, and

0il refineries. Both individual and societal risks are estimated.
None of the risk assessments include all of the component risk contribu-

tors. The nuclear assessment involves primarily accident scenarios; the

* The Indian Point site has the highest density neighboring population of
any comnercial nuclear power plant site in the U.S.



Canvey Island study exclusively so. On the other hand, the coal analyses

consider only risks arising from normal operation. However, for the
present purpose, these analyses are considered adequate for assessing the

implications of the trial criteria.



3.2 Limits on Risk

3.2.1 Introduction

This section discusses some of the implications resulting from the
application of the trial individual and societal risk criteria to the
three technological endeavors previously mentioned: hypothetical nuclear
power plants, hypothetical coal-fired power plants, and a multipurpose
industrial couplex. Further details on each of these are presented in

Appendices A, B and C.

3.2.2 Limits on Individual Risk

Limits are placed on the measure of individual risk to ensure that no
member of the public is unduly burdened by the endeavor under scrutiny.
The trial criteria, by advancing limits on the individual risk that are
small compared to the "background" risk of the statistically "safest"
subgroup of the population (i.e., 10-14 year old females), attempt to
address possible population age effects as well as equity. One alter-
native method of treating the equity concern would include the consider-
ation of the benefits made available by the endeavor. Such a method,
however, may result in increased difficulty in treating uncertainties in

the analysis.

Ranges of point estimates of the individual risk for the case studies

treated in Appendices A, B and C are shown in Table 3.2.1.

It should be noted that the estimates shown in Table 3.2.1 are not

to be compared to one another. They should only be compared to the
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TABLE 3.2.1*  RANGE OF PGINT ESTIMATES FOR
INDIVIDUAL RISK

Additional Annual Probability of
Death to an Individual Near the
Technological Endeavor Facility

Hypothetical nuclear power plant** 3)(10'7 - 3:(10'5 (early death from
large accident)

Hypothet ical coal-fired power plant*** 1x107° - 2x10'4 (delayed death
from normal operation)

Canvey Island industrial complex**** w10 - lx10'3 (early death from
large accident)

Goal level (upper limit) for risk 1x10'6 (5x10'6) per site year
of early death as specified in

Table 3.1.1

Goal level (upper limit) for risk 5x10'6 (2.5x10'5) per site year

of delayed death as specified in S
Table 3.1.1

-~

*  These estimates are advanced for illustrative purposes only. Because
of uncertainties and possible omissions in the analyses, no quantita-
tive level of confidence is given for these estimates. The indicated
ranges do not represent uncertainty bounds, but a range of point
estimates. In addition, these estimates are not to be compared to one
another, but should only be compared with the criteria.

** An estimate of the risk of early death due to an accident at a nuclear
power plant, as represented by the hypothetical RSS PWR scaled to 2895
Mit, was based on a series of calculations performed at Sandia Labora-
tories which incorporated a simple evacuation model. Estimates of the
risk of delayed death of an individual near a nuclear plant were based
on analysis of the RSS reactor, as provided by the NRC staff. This
latter risk component, as assessed, was small compared to the risk of
early death. Several simplifying approximations are involved in meking
this estimate, which may or may not have a net conservative ef fect;
however, the upper limit on the range suggested simply indicates the
effect on the above estimate for the hypothetical case of the accident
sequences used in the RSS being low by a factor of 100. See Appendix
A.




«*% The estimated health effects from hypothetical coal-fired power plants
are of a chronic nature and stem from normal operation. The range
shown reflects independent assessments [3,4], however, larger values
have also been estimated for the risk to the most exposed indivi-
duals. In addition, the values indicated are given per site year;
because of the chronic nature of the releases, the health effects due
to all surrounding plants should be considered. See Appendix B.

»++*The estimates of early death of an individual near the Canvey Island
complex consider only accident scenarios. The range indicated re-
flects not only the specific location of the individual but also the
degree to which improvements identified in the study are made. See
Appendix C.



criteria. Difficulties exist if one attempts to make comparisons among
the values. First, as previously indicated, the quantitative confidence
levels of the estimates are unknown. Second, the nature of the impacts
of the endeavors differs; the individual risk estimates from the hypothe-
tical nuclear plant are dominated by early effects and those assessed
from the Canvey Island facilities are exclusively for the early effects.
The assessed impacts from the hypothetical coal plant are, in contrast,
of a delayed, chronic nature. The framework properly treats these con-

siderations in detail, separately.

If the nonnuclear risk estimates are not found to be overstated, then
the risk levels suggested by the trial criteria lie in a range of im-
plicitly accepted risks. The lower end of the range indicated for :
the nuclear plant appears to be not only in compliance with the trial -
upper limit but also reasonable, in some sense, when compared to the
goal level. However, no confidence levels are stated; if, for a par-
ticular nuclear facility, for example, the probabilities of the under-

lying accident sequences are in error by a factor of 100, then this

qualitative assessment would change.

3.2.3 Limits on Societal Risk

Limits are placed on the measure of societal risk to ensure that the
social cost of a technology has an upper bound. Such limits are typi-
cally advanced after first reflecting upon the societal benefit derived
from a particular technology and the societal cost of alternative (exist-

ing or proposed) technologies available to achieve that same benefit.
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The determination of societal risk and its use as an index of the social
cost of a technology, while informative, is more complex than the case
of individual risk. The frequency of undesirable events as well as the
magnitude of the ensuing consequence are difficult to determine with
small uncertainty. Thus a single number, such as the calculated expected
value of the social coSt, cannot be expected to reflect a detailed de-
scription of the societal risk, or how its measure is determined. In
addition, the measure of societal risk can be based on different conse-
quences: early and latent deaths, area of land contaminated, property
damage, etc. While societal risk acceptance criteria might include
other potential consequences, the trial criterion in Table 3.1.1 is based

on the number of deaths per year.

The range of point estimates of the societal risk for the case studies

treated in Appendices A, B and C are indicated in Table 3.2.2.

Within the Timits of this investigation, the trial criterion appears to
be comparable to or less than existihg societal risks assessed at the
expected value. The societal risk of the hypothetical nuclear power
plants, as assessed, meet this criterion. This conclusion would be true
even if the estimated nuclear plant risks in the RSS were low by a factor

of 100.

Additional difficulties exist in making comparisons of expected values

to a single criterion. The expected values from the cnal analyses, for
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TABLE 3.2.2* RANGE OF POINT ESTIMATES FOR SOCIETAL
RISK

Calculated Expected Value of the Societal
Technological Endeavor Risk in Deaths per year

2 _ 551072 (latent deaths

from large accident)

Hypothetical nuclear power plant 2x10°
Hypothetical coal-fired power plant 10 - 50 (latent deaths from normal
operation)**

Canvey Island industrial complex 7 - 11 (early deaths from large
accident)

Limit on the expected value of societal
burden as specified in Table 3.1.1 10 deaths per site year

*

The indicated ranges are only meant to represent published values and
are not meant to be comprehensive. An array of technological safety
measures are represented (e.g., the hypothetical coal plants, in this
table, have no controls for the removal of sulfur from their airborne
effluents.) The indicated ranges do not represent uncertainty bounds,
but a range of point estimates.

The hypothetical nuclear plants are the RSS reactor, and the RSS PWR
scaled in size to 2895 MWt and placed on the Indian Point and Zion sites
[2]). These risk estimates, as assessed, are dominated by delayed ef-
fects. The indicated rangs is based on point estimates of the risk of
the three hypothetical nuclear power plants; the factor of 100, employed
earlier to reflect an unspecified degree of uncertainty, was not incor-
porated in these estimates.

Values up to 200 latent deaths per plant year have been estimated by
Hamilton and Manne in their review in IAEA Bulletin, Vol. 20, No. 4,
p. 44 (1980).
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example, reflect chronic effects averaged over a health impact distri-

bution, constructed to reflect uncertainty [3], whereas the expected

value from the Canvey Island study is a time aver.ye over low frequency-

high consequence events.

This framework possesses additional mechanisms to address societal
risk: a risk aversion model, and a criterion that would require cost-
effective improvements once other societal risk criteria are met.

Implicaticns arising from the use of such mechanisms are discussed in

the next two Sections of this report.
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social cost of two accidents with consequences of 10 and 1000 deaths,

respectively, are tabulated for a range of values of ok in Table 3.3.1.

Thus, careful consideration must be used to ensure a proper choice of
oK. For example, if @~ 3 were chosen, then an accident involving a
thousand deaths would be equated to the sum of individual accidents

involving a large fraction of the entire world's population.

It is clear that this simple model of risk aversion itself introduces
uncertainty in the analysis. However, while it is recognized that OR
clearly cannot be a constant across the entire range of consequences,
this model, for appropriate values of @ , is a convenient vehicle for

attempting to represent societal attitudes.

3.3.3 Application to Case Studies

To emphasize the effect of applying the power-law model of risk aversion
to the technological endeavors considered, representative multiplicative
factors by which the expected value of the number of deaths is increased

are indicated in Table 3.3.2.

The dependence of the effective social consequence on the exponent

is graphically indicated in Figure 3.1.

If the trial value of © = 1.2 is used, the assessed effective number

of deaths per year are shown in Table 3.3.3.
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TABLE 3.3.1  INFLUENCE OF NUMERICAL VALUE OFOK ON
NUMBER OF EQUIVALENT DETAILS

Actual Number
Equivalent Number of Deaths

__of Deaths
PEEWINGIE . Th CEMa LE " S A0 RSy b A ok 3
#l 10 16 32 100 1000
#2 1000 3980 31,600 1 million 1 billion

wi§) o



Table 3.3.2*

Factor by which Expected Number of
Technological Endeavor Deaths Would be Increased

al-1 of 1.2 R=1.5 XK=2

Hypothetical nuclear power plant 1 4-6 40-80 2600-8300

Canvey Island industrial complex 1 5-6 65-75 4500-6000

* Factors were estimated for the RSS reactor, and the RSS PWR scaled in size
to 2895 MWt and placed on the Indian Point site[2]. These are multipli-
cative factors shown to illustrate effects of the simple risk aversion
model and are not estimates of the risk.

N
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Figure 3.1 Effect of the Numerical Simp'a Risk Aversion Model When Applied to a Hypothetical
Nuclear Power Plant and the Canvey Is!and Industrial Complex.
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TABLE 3.3.3*  RANGE OF POINT ESTIMATES OF
SOCIETAL RISK USING POWER-LAW
RISK AVERSION MODEL (©&=1.2)

fffective (Fquivalent) Number of Deaths
Technological Endeavor ___per year

hypothetical nuclear power plant 0.1 - 0.4 (effective delayed deaths
from large accident)

Canvey Island industrial complex 3% - 66 (effective early deaths
from large accident)

Limit on the expected value of societal 10 deaths per site year
burden as specified in Table 3.1.1

* The indicated ranges do not represent uncertainty bounds, but a range
of point estimates. The hypothetical nuclear plants are the RSS
reactor and the RSS PWR placed on the Indian Point and Zion sites and
scaled in size to 2895 and 3150 MWt, respectively [2]. These risk
estimates, as assessed, are dominated by delayed effects.
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Thus, the Canvey Island complex (without improvements), which is mar-

ginal in relation to the societal risk criterion at &= 1, would not
meet that criterion for @ 1.2. The hypothetical coal-fired power
plants discussed in Appendix B are not included in the above lists;
society does not seem to be risk-averse to the impacts from coal since
such impacts, to date, are of a steady state nature and result from what
are considered to be normal operations. Note that if such deaths were
treated as resulting from a comnon event and not as separate individual
deaths, then risk aversion modeling would quickly multiply the 10 to

50 deaths per year into rather large numbers of equivalent deaths.
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3.4 Cost-Effective Risk Reduction

3.4.1 Introduction

As Low As Reasonably Achievable (ALARA) concepts are employed to ensure

that cost-effective technolsgical improvements will be made beyond those

dictated by societal risk criteria. Attempts to specify an ALARA prin-
ciple have chiefly focused on economic arguments; the current state of

knowledge, however, allows a large variance to exist in such quantifi-

cations [7]. The approach taken in the framework proposed in Part 2 [1]

may help to alleviate these difficulties by recommending two distinct
cost values for early and latent effects, respectively. The justifica-
tion of the division is that society places different values on the
_impact of early versus delayed deaths. In addition, the framework pro-
posed in Part 2 [1] includes the consideration of economic losses,

which is beyond the scope of the present work .«

3.4.2 Application to Case Studies -

Specific attention must be paid in formulating the details of any risk
management concept to ensure that such a mechanism is effective in con-
trolling as well as characterizing risk within the overall framework.
In the case of a cost-effective risk reduction criterion, the relevant
considerations would include not only proper limits on the expenditure
per death averted, but also the confidence level at which the criterion

is to be applied and the methods employed to treat uncertainty and risk

sversion. The implications of these considerations are examined through

the application of a cost-effective risk reduction requirement to the
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hypothetical coal-fired and nuclear power plants. More extensive

considerations are presented in Appendices A, B. and C.

The hypothetical coal-fired power plant with the lowest societal bur-
den (see Appendix B) has an expected societal burden of 10 deaths per
ynar (with no sulfur control). While this expected value, as assessed,
marginally satisfies the societal risk criterion from Table 3.1.1, cost-
effective improvements would be required. For example, as shown in
Appendix B, eliminating 50% of the sulfur emissions would cost $10 mil-
lion per year, avert 5 deaths per year, and therefore satisfy a $2 mil-
lion per death averted requirement.- For a $1 million per death averted

requirement, such a sulfur removal system would not be cost-effective.

The 90% upper confidence bound of the societal burden of this same
uncontrolled coal-fired plant is 27 deaths per year*, as discussed in
Appendix B. If the trial criteria were to be applied at this high level
of confidence, the hypothetical uncontrolled plant would not meet the
societal risk criterion. However, it is of some value to consider the
implications of applying cost-effective criteria at this level of con-
fidence, even though such an application is not.specifica1ly advocated
by the framework of Part 2 [1]. A $2 million per death averted cost-
effectiveness requirement would mandate the removal of 96% of the
sulfur; 26 deaths per year would be averted at an annual cost of $52

million. A $1 million per death averted requirement would mandate an

* There is a 90% chance (or probability) that the number of deaths
per year is 27 or less. In this particular case, the calculated
expected value is 10 deaths per year.
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annual expenditure of $20 million with 75% sulfur removal and averting

20 deaths per year. Thus, depending on how an ALARA concept were to be

applied, the cumulative cost over a 30-year plant life could range from

$0 to $1.56 billion.

In Appendix A, the risks due to two hypothetical nuclear power plants.

are compared to that of the RSS reference reactor. As indicated in that
Appendix, each of these plants, as assessed, meets the societal risk 4
criterion for values of the risk aversion exponent, ®f, less than 1.5.
However, if the assessed risk of the RSS reactor is used as a goal for

the other units, expenditures up to $1.0 million and $1.7 million (total)

would be cost-effective ($2 million per death averted requirement). If

“

*x
risk aversion were introduced, these upper limit expenditures now

ek

jump to $70 willion and $190 million fore€= 1.5, and to tens of billions

of dollars for & = 2, clearly a prohibitive sum.

The treatment of uncertainty can be introduced at this point. If the

nuclear risk estimates are in error, in a nonconservative manner, by a

factor of ten, a range of total cost-effective €xpenditures of up to $9

million and $17 million is calculated for a $2 million per death averted

cost-sffect iveness criterion. A factor of 100 uncertainty could in-

crease the magnitude of the total cost-effective expenditures to $90

million and $170 million.

* The RSS PWR placed on the Indian Point and Zion sites and scaled in
nower to 2895 Mt and 3150 MWt, respectively [21.

** This applicetion of risk aversion would be separate from that dis-

cussod in Section 3.3, and is not part of the trial criteria.
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Regardless of the accuracy of the power plant models employed (both

nuclear and coal-fired), a variety of interpretations of an ALARA re-

quirewent indicates that such a requirement must be clearly formulated,
with detailed attention paid to the resulting implications, so that it
can be used as an offective hazard management technique. In addition,
an economic component should be included for a complete determination

of cost-effectiveness.
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3.5 Discussion and Conclusions i

:

3.5.1 Discussion

Part 3 of ‘his report has considered the application of simplified trial

criteria to three technologies: hypothetical muclear and coal-fired
power plants, and the Canvey Island industrial complex }n England.

It appears that the criteria, if they are to be met, would require
improvemeﬁt of the safety of some existing, accepted technological
endeavo=s. The question of whether such an application of criteria
developed for nuclear-related decision makina is appropriate for other
technologies, has not been considered. However, the “rhad application
of criteria should help in the continuing evolution of regulatory
policy by providing insight into the science of risk, the implications
of various policy options, as well as t'e acceptability and public

perception of risk.

3.5.2  Conclugions
As a result of this study, the following can be concluded:
1. The trial criteria for individual risk (from Table 3.1.1) ave
more stringent than the assessed individual risks due to
the éxisting nonnuclear technological facilities considered.
The lower end of the assessed nuclear related individual

risks 1928 below the range specified by the criteria.

2. The trial ~ritceion of 10 equivalent deaths per year
as a measure of soctetal risk (from Table 3.2.2) appears

to be reascnably representative of the Tower end of risks
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5.

formidable a task as the development of the risk acceptance

framework itself.

The proposed framework appears to be of a form that addresses
some of the relevant concerns by providing diverse mechanisms
to manage risk. The trial criteria of Part 2 [1] have
additicnal flexibility, and would make a reasonable starting
point for the development of a set of quantitative risk

criteria.
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APPENDIX A

Application of Risk Acceptance Criteria to
Nuclear Power Plants

A.l Introduction

Both societal and individual risks were estimated for two reactors* in
the Reactor Safety Study (RSS) [A.1]. Individual risks were expressed
in terms of the probability of early and delayed fatality, societal
risks were expressed in terms of total early and delayed fatalities,
area of land contamination and property damage among others. While
the RSS considered only "dominant" accident scenarios and neglected

certain external events, it provides a convenient and valuable source

= with which to illustrate the use of risk acceptance criteria.

This appendix first examines the question of individual risk and
compares the estimated risk with the trial criteria of Table 3.1.1.
Societal risk estimates are taken from the RSS or RSS follow-on
studies. The implications of the application of risk aversion and

the ALARA principle are also investiyated.

The RSS and similar studies express societal risks via complementary
cumulative distribution functions (i.e., graphical representations
that convey the probability or frequency of the consequences exceed-

ing a value, X, as a function of X). Such functions from the RSS

* A Boiling Water Reactor (BWR) represented by Peach Bottom and a
Pressurized Water Reactor (PWR) represented by Surry, but each
assumed to be located on a composite site.
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describing early fatalities and tctal delayed cencers for a composite

site are depicted in Figures A.1 and A.2, respectively.*

Figures A.3 and A.4 [A.2] describe selected effects of placing the
RSS PWR, scaled appropriately for size, on selected sites. The
referenced study was originally meant to investigate the adequacy of
the composite site model of the RSS; however, in the present work,
for convenience, the work by Sprung [A.2] is taken to represent the
"safety profile" of several hypothetical reactors and is used in the

spirit of illustration.

A.? Individual Risk

The risk** to which an individual located near a nuclear power plant

here are not strictly for the Maximum Exposed Individual. For most

cases, however, they are appropriate for individuals near the plant.

A.2.1 Individual Risk of Acute Death

In this example, the model of the PWR described in the Reactor Safety
Study, scaled to 2895 MWt, was utilized to estimate the risk to an

individual near the site. Two cases were considered: Case I, an

*  Figure A.2 represents the total latent death divided by the 30 year
period following the accident to yield a measure of the consequence

“per year". These values should be multiplied by a factor of 30
to yield a measure of the total consequence.

is exposed is considered in this section. The calculations presented -

** Based on accidential releases of radioactive materials; steady state

releases also contribute to individual risk.
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0BABIL!ITY PER YEAR CONSEQUENCES > X

100

EARLY FATALITIES, X

FIGURE A.3 Log-Log plot of probability (per lc-ctor-¥car)vorsus
early fatalities shoving the dispersion of mite specific CCDF's

about the Reactor Safety gtudy CCor.
*RSS (consequences derived from the aggregate etfects of 100 reactors (A1)
divided by 100)

1. RSS PWR at Indian Point scaled 3. RSS PWR at Palo Verd ccaled to 3713 Mt
to 2895 Mt 4. RSS BWR at Millstone scaled to 1956 Mt

2. RSS PWR at Zion scaled to 3150 6. RSS PWR at San Onofre scaled to 1290 Mit
MWt

FROM REFERENCE (A.2)
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TOTAL DELAYED CANCER FATALITIES, X
FIGURE A.4 PROBABILITY DISTRIBUTION (CCRF) FOR DELAYED CAMNCER:
FATALITIES PER YEAR FOR SPECIFIC HYPOIHETICAL SITES
* RsS (consequences derived from the aggregate effects of 100 reactors
(A.1) divided by 100)
1 RSS PWR AT THE INDIAN POINT SITE scaled to 2895 MWt

2 RSS PWR AT THE ZION scaled to 3150 Mit

FROM REFERENCE (A.2)




individual located initially within 0.5 to 1 mile of the reactor;
and, Case 11, an individual initially located 1 to 1.5 miles from the
reactor. In both cases, a simplistic evacuation medel was empioyed.
As is evident, this is not a calculation for the maximum exposed
individual. The individual risk was calculated by summing the pro-
ducts of the probability that an individual would receive a dose
greater than 200 rem, given a particular accident sequence, and the

frequency of that accident sequence.* As shown in Tables A.l and A.2,
7

the two cases yield individual risks of 3.5x10'7 per year and 3.0x107

per year, respectively.

The evacuation model** employed in the above analysis may tend to
underestimate the risk. One estimate [A.3] of the reduction of risk

by an effective evacuation (1.2 mph) relative to no evacuation for

one particular release category is a factor of 3 for individuals within

2.5 miles of the plant.

In addition to uncertainties arising from evacuation and dose-response
modeling, the above estimates consider only a predefined set of ac-

cident scenarios. If the frequencies of these scenarios, taken from

* The calculations reflected in Tables A.1 and A.2 assume 100%
mortality for individuals receiving a dos~ greater than the
assumed thresnold value for nee stor--ti: effects. This approach
is conservative; however, the calculations indicate, that for the
small distances considered, the risk would roughly decrease only
by a factor of 2 if a threshold of 700 rem is assumed.

One-hundred percent of the population within 5 miles of the plant
imediately proceed radially away from the site at 1.1 mph.




o

TABLE A.1

Case I: Risk of Immediate Death to Individual Originally Located 0.5 to 1
Mile from RSS PWR Scaled to 2895 MWt.

Eelease 3 Probability (Pi) Fre?uency (Fiz il
ategory Dose > 200 Rem of Release {r: )“ _Bji_.
ﬂlA 0.028 ax1077 1.1x1078
18 0.018 5x10°7 9.0x1079
2 0.022 8x10°% 1.7x10"7
3 0.029 4x107° 1.2x1077
4 0.031 5x1077 1.6x10°8
5 0.028 7x1077 2.0x10°8
6 0 ~ 6x107® 0
7 0 4x107° 0
8 0 4x107° 0
9 0 4x10 0
R > b 3.5 x 1077 yr-

* from RSS [A.1]
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the RSS [A.1] were low by a factor of 100 and with no other sources
of uncertainty, then the risk of early death for an individual living

near the reactor would be on the order of 3::10'5 per year.

When compared to the trial upper limit criterion of 5x10'6 per year,
the latter risk violates the criterion. A more detailed, careful
analysis is needed. Note that in the original analysis, if the ef-
fects of uncertainties and omissions were small, then the goal level

of the criterion from Table 1.1 would be satisfied.

A.2.2 Individual Risk of Delayed Death

The probability of an individual developing a fatal cancer due to the
operation of a nuclear power plant should be evaluated for both the
case of normal operation and for a range of accident scenarios. The

former contribution can be estimated via actuarial effluent release

data. The latter contribution can be approximated using the methodology

utilized in the Reactor Safety Study.

In 1976 Miettinen, et al, [A.4] estimated the whole body gamma dose to

an individual located 1500 meters from a nuclear power plant based on

measured airborne effluents from U.S. Light Water Reactors (LWRs). Water-

borne effuents and ingestion pathways were not taken into account.

Miettinen used a log-normal distribution to describe the statistical

distribution of the annual effluent releases during 1972-1974 and tabu-

lated the mean values and the 95% upper bounds for both BWRs and PuRs.

-112-
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The mean release was estimated to result in a dose to the reference
individual of ~2 mrem and 0.01 mrem for BWRs and PWRs, respectively.
Extrapolation to the 95% upper bound, as tabulated by Miettinen, would
result in doses to the reference individual of approximately 10 mrem

and 0.3 wmrem, respectively.

Using the standard ICRP relationship of approximately 10'4 fatal

cancers/rem, the 95% upper bound of the distribution describing the
releases from a BWR would imply an upper bound* on the annual risk of
fatal cancer of about 100%, 1t must be noted that this value may

not be indicative of modern BWRs; since 1974, oft-gas recombiners and
additional effluent holdup capacity has tended to reduce off site
releases (e.g., during the first half of 1979, the three unit Browns
Ferry site reported releases roughly a factor of 100 lower than those
tabulated by Miettinen for isotopes of krypton and iodine [A.5]). The

effect of excluding water and ingestion pathways was not evaluated.

For accidental releases, RSS methodology and results can be used to
approximate individual risk. Figure A.5 shows the general dependence
of the risk of delayed death to an individual as a function of distance
from the RSS PWR on a hypothetical site. Since values of the ordinate
in this figure are conditional on a set of predefined release cate-
gories, more detailed information is needed to quantify the risk.
* That is to say, there is a high level of confidence that the risk
of delayed death is about 10~ per year, or less, for the pathway
considered, due to a pre-1974 BWR. If evaluated for the mean

release, this same ug}mproved average BWR would have a risk contri-
bution of about 2x10 " per year.
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It must be enphasized that these values do not represent the risks at
these sites because the fault and event trees used to generate the
frequencies are those for the RSS reactor which may be very different
from the reactor on the sites listed. Furthermore, uncertainties have
not been addressed and the analyses are of limited scope. Hence, the
quoted values are to be considered applicable to hypothetical reactors

only.

Examination of Table A.3 shows the following:

a) the total delayed effects dominates the early effects as a
contribution to risk for each case where a calculation has been made,
and

- b) the risk of early death appears to be nuch more sensitive to

the site than latent deaths.

A.3.1 Risk Aversion and Risk Acceptance

To account for the apparent public aversion to high consequence
events, a simple model suggests ‘that higher moments (i.e., [frequency]
X [umr.nquence]“) of the consequence distribution be used as a
measure of the expected social cost. The mathematical notation of
this expected social cost is ic(‘). When X = 1, Fc (d)

15 just the expected value of the consequence per unit time, or the

calculated risk. For @€ > 1, more weight is given to the high

consequence evenls.

In Figures A.7 and A.B, the expected social costs as a function of R

are shown for the cases considered in Table A.3. As anticipated, the

| .118-




HV3A H3d SHLiV3IA ATTHV3 INITVAIND3 Q3SS3SSV




in Point

™ o =)
o o o

HYIA H3d SHIVIA HIONVI LNILYT INITVAIND3I Q3ISSISSY







]
wi el

A.3.2. Cost-Effective Risk Reduction and Uncertainty

To complement the societal risk limit criteria, an ALARA (As Low As
Reasonably Achievable) concept is also used. The ALARA concept can
be applied to determine if additional safety features need to be
incorporated into existing or planned nuclear power plant by specify-

ing a cost-effectiveness criterion.

The use of the ALARA concept can be illustrated as fol]ows.* Consider
the risk of delayed death associated with the plants denoted by curves 1
and 2 of Figure A.4 and the RSS curve, also given in Figure A.4. The

corresponding risks of delayed death were:

curve 1 5.0x1072 deaths per year
curve 2 3.5x1072 deaths per year
RSS (Updated) 2.1x1072 deaths per year

Suppose one had developed safety features that reduced the risk from
the reactors denoted by curves 1 and 2 so that they had the same risk
as the RSS. The number of deaths averted per year would be approxi-

nately 3x10°2 and 1.4x1072

, respectively. If each of the improve-
ments cost $10 million, the cost per death averted cver a 30 year period
is $11.5 and $23.1 million, respectively. For a $2 million per death
averted criterion, these improvements would not be cost-effective. The
maximum ~ost effective expenditure for these amounts of risk reduction
would be $1.7 million and $0.9 million.
* The parent Framework recommends that the ALARA be applied to latent
ind |ar1y deaths separately and includes a factor for economic
losses. Only latent deaths are considered here for illustrative

purposes.
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If society is risk averse, the ALARA concept can be applied at the
effective social cost Ec(d). At ©€= 1.5, the effective number

of deaths averted per year (for the same example above) becomes 3.1

and 1.2 respectively. Here the cost per equivalent death averted for a
$10 million improvement over a 30 year period becomes $106,000 and
$271,000 respectively. Using a $2 million per death averted criterion,
one would conclude that improvements should be implemented. In these
cases, the maximum cost-effective expenditures become $190 million and
$70 million. For®h-2, the maximum "cost-effective” expenditure runs

into the tens of billions of dollars.

Uncertainty can also be introduced into the ALARA concept. As shown

.

above, with no uncertainty and no risk aversion, improving the reac-
tors of curves 1 and 2 at a cost of $10 million is not warranted. If 7
the assessment of the risk is in error by a factor of +10, the cost
per death averted becomes $1.5 million and $2.3 million respectively.
Hence with a $2 million per death averted criterion, the improvement
is cost-effective in case 1 but not in case 2. [If the cost-effective-
ness criterion were $5 million per death averted, both improvements
would be required. If the criterion were $1 million per death
averted, neither would be required. Similarly at an uncertainty of
+100, both improvements would be required. The maximum cost allowed

is $17 million and $9 million respectively at +10 uncertainty and $170

| million and $90 million at +100 uncertainty.
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APPENDIX B

Application of Risk Acceptance Criteria to
Coai-fired Power Plants

Bel Introduction

To date, probtabilistic risk assessment techniques have not been
apolied to coal-fired power plants on a level comparable to that of
auclear plants. However, an insightful risk study by Morgan, et al
[B.1], utilizing a probabilistic methodo'oyy to incorporate uncer-
{ainties. ras teen performed for & 1000 Mde coal plant* placed on four
hypothetical sites near Pittsburgh, Pennsylvania. Only normal opera-
tion of the plant was considered aud even as such, not all of the

*health impacts were assessed. Catastrophic events specific to the
.plant, such as occur during a severe inversion, as well as catastro-
phic effects resulting from a family of coal plants, such as severe
acid rain or C02 buildup, were not considered. Nevertheless, it is
instructive to apply the trial risk acceptance framework to the study

by Morgan, et al.

Mortality effects from plant-generated sulfates were obtained using

the methcdology developed at Brockhaven National Laboratory [8.2].

* 7 The hypothetical plant used in the example had a 305 m stack, a
ctack exit diameter of 8.2 m, exit gas velocity to 16 m/sec, exit
temnerature of 135°C and a total sulfur effluent rate of 4.15
kg/sec of SO,. This corresponds to a 1000 MWe plant operating
at 38% thermdl efficiency with a 75% plantlfactor, burning 3%
sulfur coal with a heat content of 2.9x107" J/kg.
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Mortality effects due to nitrates, heavy metals, and from Interactions
among power plant efflueats and with other pollutants in the environ
ment may also resuit, and have not been considered explicitly in these
exanples (health effects were correlated to sulfate leveis). A “sub.
Jective probability distribution” for the uncertainty In the various
dispersion model parameters, as well as in the damoge function, re
sulted in a set of probability density and cunulative distributions
for each site. Identical meteorological data, obtained from the
Pittsburgh Tnternational Alrport, were used for all four sites. tor
the purpose of this paper, the resulting analyses of these hspothet)-
cal plants will be assumed to represent thelr respective “safety

profiles.”
.

The curves shown in Figure Bl can be used to estimate a measure of f
the societal risk in terms of the expected valye of the number of
excess death. per year.  These expectation values, as well as the
upper 0% conf idence bound are snown tn Table Bol.  In addition, the
average Individual risk (soctetal risk divided by the population) for

both cases 18 alse showh,

In this Appendix, the individual and socletal risks are examined and
compared to the trial criteria of Table 31,1, Effects of the ALARA

principle and uncertainties are also discussed,

"lc"
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TABLE 8.1

SOCTETAL AND INDIVIOUAL RISK FOR
A 1000 Mde COAL PLANT ON FOUR
PENNSYLVANIA SITES

SITE®

Population in 2.8x10° 3. 3x10° 2.9x10°

80 km. radius.

SOCTETAL RISK (deaths/yr)

fxpected Value 24 a9 34

Upper 90% 86 150 114

Conf idence Bound

AVERAGE TNDIVIDUAL RISK (yr™ 1)

Expected Value  0.86x107° L6x107%  1.2x107°
Upper 90% 5 5 5
Confidence Bound  3.1x10° 4.5x10° 3.9x107

* From Fiqure B.1

6. 2x10

10
21

1.6x10°

4.3x107

]

5

5

v .




B.2 Individual Risk

The risks to which an individual located near a coal-fired power
plant is exposed are estimated in this section. Risk of early death
is not discussed; the risks considered stem from steady state or
normal operation (routine release) and thus can be considered to be a

chronic societal effect.

One obstacle in calculating the risk to the maximum susceptible (or
axposed) individual is effluent pathway modeling; different effluents
have a variety of transport properties. Wangen and Williams [B.3]

have modeled flyash deposition as a function of distance from a plant
in northwestern New Mexico and found a maximum at approximately 3-4 kin.
gtrojan and Turner [B.4] measured trace elements (due to plant ef-
fluents) in the soil near a plant in southern Nevada; mazimum concen-
trations of zinc, strontium, copper and nickel were found 4-6 km

from the plant. The individual risk is also dependent on the type of
coal consumed, the plant characteristics (e.g., stack height) and the

site characteristics.

Instructive information on individual risk can be inferred from
societal risks. Table B.1 displays the societal risk obtained by
integrating the "safety profiles” of the four hypothetical uncontrol-
led plants discussed by Morgan et al. By simply dividing the societal
risk by the size of the exposed population, an average individual risk
is obtained; the expected values and 90% configence of bounds are

shown. for site 4, which has the lowest societal ritk, these values

' 30-
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are 1.6x1077 and 4.3x10'5 per yeer, respectively, for the two confi-

dence levels and represent the highest average individual risk.

If improvements are made to the plant at site 4 such that the expected
societal cost is five deaths per year in one case and one death per
year in another, the expected average individual risks due to normal

operat ion become B.IxIO'6 and l.bx10'6 per year, respectively.

It is of interest to note that 0'Donnell and Mauro [B.5] have esti-
mated the risk associated with exposure to air containing gaseous
effluents from nuclear and fossil fueled power plants at concentra-

tions equal to the regulatoiy limits (1977 Clean Air Act). For fossi

LR AL e

plants this estimation of maximum individual risk for health effects

stemuing from sulfur dioxide and particulataes is 2.4x10'4 per year.
The uncertainty in this value is not discussed; the value was quali-
fied as being a relative "index of risk" rather than “an accurate ex-
pression of absolute risk." A wide spectrum of achieved emission
levels characterize fossil units; and some plants, due partially to
their design or type of coal used, operate with emissions only modest-
ly below the levels specified by the standards, while others operate

above such standards.

B.3 Individual Risk: Comparison with Risk Acceptance Criteria.
The risks considered in the above analyses are due to normal operation
of the facility and thus are manifest by steady state or chronic

health insults on society. Such risks may be more properly considered
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in a distinct category rather than collectively with latent risks from

rare occurrences, especially if the former are relatively large risks.

If the estimate of the maximum individual risk given by 0'Donnell and

‘ per year), then the corresponding facili-

Mauro is correct (2.4x10°
ty would not meet the trial criterion specified in Table 3.1.1 for the
upper limit for the risﬁ of delayed death (2.5x10'5 per year). The
assessed expected value of the average individual risk for the four un-
improved coal-fired plants (0.86x10°5 to 1.6x10'5 per year) would

meet this upper limit whereas the risks assessed at the nominal 90%

confidence level would not. None of the assessed values meet the

goal level (5x10'6 per year).

Cost effective improvements to the facility may be dictated by society.
fstimates of the average risk to the individual of the facility discussed

6 o 8.1x10°° per year. These

above with improvements are 1.6x10°
risks would thus approach the goal level. The acceptability would rest
on the question of the magnitude of the uncertainties and omissions

associated with the analyses.

B.4 Societal Risk

As stated above, the curves in Figure B.1l can be mathematically mani-
pulated to estimate societal risk. These values, shown in Table

B.1, can also be used to further 1llustrate the framework of the pro-

posed risk acceptance criteria.
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Only the societal risk estimate given by the expected value for site 4
would satisfy the trial criterion of 10 deaths per year., If applied
at the upper 90% confidence limit, none of the sites would meet the

criterion.

The application of risk aversion was not attempted because: a) the
effective social cost would become very large even for small values of
the risk aversion weighting factor, and b) society does not appear to
be risk averse to coal-fired plants because the consequences are, to
date, of a chronic nature. The use of the ALARA concept, however, can

be 1llustrated.

In Table B.2, the fraction of sulfur removed, the cost (from Figure
B.2), and the cost per death averted is shown for several control
strategies. These sulfur control strateaies were chosen to reduce téi
societal risk of sites 1, 2 and 3 to that of site 4 (which meets the
trial criterion at the expected value), both at the expected value and
at the upper 90% confidence pound. Although sites 1, 2, and 3 do not

meet the societal risk acceptance criterion, the ALARA is applied for

illustrative purposes.

1f a $2 million per death averted criterion is used, all improvesents
would be cost-effective if the criterion were the only consideration.
If a $0.6 million per death averted criterion is used, only site 2
would be improved at the expected value, and all sites would be im

proved at the upper 90% level. Note that a strict application of
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TABLE 8.2

FRACT [UNAL REDUCTION, COST AND COST
PER DEATH AVERTED FOR VARIOUS
SULFUR CONTROL STRATEGIES

STRATEGY* FRACTION OF SULFUR COST COST PER DEATH AVERTED
REMOVED ($/yr) ($/death averted)

AT EXPECTED VALUE

1 -»4§ 0.58 15 million 1.07 wmillion

J-»4 0.71 18 million 0.75 million
2~%4 0.80 22 million 0.56 million

v

AT_90% UPPER CONFIDENCE BOUND

] -4 0.68 18 miilion 0.30 million
3-»4 0.76 20 million 0.22 million
2—>4 0.82 23 million 0.19 million

* Reducing the societal risk from the plant at sites 1, 2 and 3 to
that of site 4.
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the criterion, as specified by the framework, would involve determin-
ing cost-effective improvements only after the societal risk goals

have been met.

The ALARA principle can be used to determine the level of sulfur
control that would be cost-effective at site 4. Since the calculated
expected value of 10 deatﬁs per year meets the societal risk cri-
terion, the use of the ALARA principle, as advanced by the framework,

can be illustrated. In Table B.3, the cost per death averted for

site 4 is shown as a function of the number of deaths averted, for
both the expected value (10 deaths per year) and the upper 20% confi-
dence bound (27 deaths per year). At the expected value, up to an
;?ditional 5 deaths per year can be averted if a $2 million per death
averteu cost-effectiveness criterion is used at a toial cost of $10
million per year. At the 90% confidence bound, up to 26 deaths per
year should be averted, at a cost of $52 million per year. It is
interesting to note that if the criterion was set at $0.6 million per
death averted (the implicit value in the new source performance
standards [B.6]), no improvement would be required at the expected
value* and only a 30% reduction in sulfur would be required at the 90%
upper confidence bound.

* The cost per death averted is $2 million for all values below 0.50
because the slope of the curve in Figure B.2 is constant in that
range.




.

DEATHS/YR
AVERTED

8.3
13.5
20
2%
26

TABLE B.3

FRACTIONAL REOUCTION, COST ANG COST

PER DEATH AVERTED FOR PLANT #4

FOR VARIOUS SULFUR CONTROL STRATEGIELS

FRACTION OF

SULFUR REMOVED

50
.70
.90

AT_90% UPPER CONF IDENCE BOUND*

.31
«50
o715
.92
+96

cosT
($/yr.)

AT EXPECTED VALUE®

8 million
10 million
18 million
38 million

5 million
10 million
20 million
40 million

52 million

COST PER DEATH AVERTED
($/death averted)

2.0 million
2.0 million
2.5 million
4.2 million

0.60 million
0.75 million
1.0 @illion
1.6 million

2.0 million

* Expected value is 10 deaths per year, at 90% upper confidence bound the risk
is 27 deaths per year.



Lastly, the fractional sulfur reduction, cost, and cost per death
averted were calculated for sulfur control strategies in which wor-
tality at sites 1, 2 and 3 (as is) are made comparable to an improved
site 4, At the improved site 4, the residual societal risk after
applying the criterfon at the expected value and upper 90% confidence
bound is 5 deaths per year and 1 death per year, respectively. Al
improvements are justified if the criterion is $2 million per death
averted. If the $0.6 million per death averted guideline is used,
the only cost-effective control strategy is 2 —= 4§ at the upper 90%

confidence bound. Sece Table B.4,

Once again, proper attention needs to be paid to the identification
and incorporation of omissions and uncertainties in the assessment of
cocietal risks. If the economic component of the ALARA were included,
as specified in the companion framework [R.8] to account for such
jmpacts as those due to acid rain, the allowable costs for tmprovement
would be greater, In fact, they may dominate the determination in

md!\y CASPS.
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STRATEGY*

1 =>4
3 -4
2 ~e 4y

] —» A4y
3 -4y
2 ~e=Ay

TABLE 8.4

W —-—s

T Ty o PN L ——

FRACTIONAL REDUCTION, COST AND COST

PLR DEATH AVERTED FOR VARIOUS
SULFUR CONTROL STRATEGIES

FRACTION OF SULFUR Cos|
REMOVED ($/yr)
AT EXPLCTED VALUE
0.80 22 miliion
0.8% 26 willion
0.89 ' 37 mitlion

AT 90% UPPER CONF IDENCE_BOUND

99 80 million
99 80 million
«99 80 million

COST PER DEATH AVERTED
($/death averted)

ll? m‘l"uﬂ
0.9 million
0.84 wmil)ion

.

0.94 millton
0.70 million
0,54 million

* Reducing the societal risk from the plant represented by curves 1, 2

and 3 to that of an improved curve 44,

At expected value, the im-

proved curve 4 risk 1s 5 deaths per year, at the 90% upper confidence
bound the improved curve 4 risk is 1 death per year.
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APPENDIX C

Application of Risk Acceptance Criteria to
_ the Canvey Island Industrial Complex

C.1 Introduction

In 1978 the Health and Safety Executive of the United Kingdom issued the
report of a study which assessed the risks associated with the various
industrial activities on Canvey Island and the neighboring portion of
Thurrock along the Thames River in England [C.1]. Only accident scenarios

were included; risks rising from normal operation were not.

The area considered measured approximately 9 miles long by 2.5 miles wide.

In 1978 the estimated population of Canvey Island was 33,000. The island

also retains its historic function as a vacation retreat. g

The industrial activities in the study area include:

. tank storage facilities. Two large tank farms exist; one of
80,000 metric tons capacity handling petroleum products and
another of 300,000 metric tons which handles a variety of sub-
stances including petroleum but also materials which are flam-
mable or toxic.

a methane terminal. The primary purpose of this facility is

the importation and storage of LNG. Storage capacity is 100,000
metric tons; approximately 50 shipments of 12,000 tonnes each
arrive at this facility annually. Liquefied butane is also

stored at the facility.







analyses are most important were made apparent in the original report.

Societal risks were presented via complementary cumulative distribu-
tion functions giving the number of early deaths for all existing
facilities and for proposed new facilities, as well as in nonaggre-
gated form. Individual risks were presented as upper limits and
specified for seven predefined geographical regions of the study area.
In addition, societal and individual risks were presented which take

into account improvements identified by the study.

This Appendix appraises the assessed individual and societal risks of
the Canvey Island area industrial complex with respect to the trial
risk acceptance criteria. The aggregate form of the societal risk 15 ;

utilized in this illustration. -

C.2 Individual Risk

Individual risk of acute death were presented for seven regions com-
prising the residential portions of the study area. Five of these
regions represent Canvey Island proper and one region each describes
South Benefleet and Stanford le Hope. With the exception of one of
the regions on Canvey Island which contains primarily vacation pro-
perty, individual risks were assessed assuming 24 hr/day oCcupancy.
As indicated above the values given are, in a sense, upper limits
and may tend to err on the side of pessimism when applied to a given
individual. However, the form of the analyses would seem to indicate
that the calculations would not greatly overestimate the risk to a

"maximum exposed individual.”
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The aggregate individual risks for the existing and proposed facili-

ties are shown in Table C.1. In the final stages of the investigation,
further improvements were identified that, if implemented, would yield
a lower estimate of the average individual risk at Canvey Island (from

4

5.3 x IO" per year to 1.4 x 1077 per year).

The highest risks are experienced by those people residing in Region
A of Canvey Island. Their estimated risks due to existing endeavors
with and without facility improvements are 13 n 1073 and 6.1 x 1074
per year, respectively. At the other extreme, the residents of

South Benfleet experience the lowest corresponding individual risks:

i a 10°% and 3 x 107° per year, respectively.

¥

€.3 Individual Risk: Comparison with Risk Criteria

The trial criterion from Table 3.1.1 for the upper limit of the risk of
early death is 2.5x10'5 per year. The risks associated with the
existing facilities in each of tne study regions, even with identified
improvements, were assessed to be in excess of this critecion unless
the risks are overestimated by factors ranging from 1.2 to 50. Note
that omissions in the analvses (e.q., concerning those hazards result-
ing in delayed effects as well as risks due to normal operation)

exist and that only a qualitative treatment of uncertainties has been

made.

.4 Societai Risks
The societal impacts for specified populated areas, presented in the

form of complementary cumulative distributions of cases of early



TABLE C.1

UPPER LIMITS ON THE AVFRAGE RISK OF ACUTE DEATH
DUE TO THE CANVEY ISLAND INOUSTRIAL COMPLEX*

EXTSTING
EXISTING AND
AND PROPOSED
EXISTING PROPOSED FACILITIES
AREA REGION FACILITIES FACILITIES WITH

IMPROVEMENTS

Canvey Island A 1.3 x 1073 2.6 x 1073 7.7 x 10°°

8 4.7 x 107 5 x 107 4.1 x 1074

c 3.9 x 107% 8.7 x 107" 2.6 x 1074

b 3.1 x 107 3.6 x 107 1.8 x 107"
3 1.9 x 107 2.4 x 107 7% 10°°

Average 5.3 x 1074 - 3.4 x 107

Stanford A 4 a
le Hope F 5x 10 5.2 x 10 1.3 x 10

South a A -5
Benfleet G 1 x 10 1.6 x 10 4 x 10

*Data from reference [C.1]), all units yr'1
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death, were evaluated fo each facility. Proper application of the
criteria would require the consideration of the aggregate site risks *
as well as those from each facility. For illustrative purposes how-
ever, societal risks were treated in an aggregate form only. Four ﬁ
cases are considered:
. all existing facilities, ‘
. all existing facilities with identified improvements,
. all proposed developrents, and |

. all proposea developments with identified improvements.

The authors of the Canvey Island study qualitatively placed a high
level of confidence in their analyses of societal risks. That is, }
'they believe the risks were overstated based on the nature of the his-
torical data employed. They also believe that the use of statistical {
data rather than subjective data would not lead to a reduction of the *
estimate. Evacuation was included in the modeling, where applicable;

some degree of interaction between facilities was also included. 3

Credit for the application of future experience was not taken.

The expected social costs for the four test cases are shown in Table

€.2 in units of deaths per year. Again, a simple power-law model,

with exponent €, was used Lo express risk aversion. Recall that
of = 1 yields the expected value of the consequence per unit time (the |

caleulated risk); of>) yields a measure of risk aversion and a <)

indicates risk perference. If the uncertainties in the values shown “

| are scall, then the trial criterion from Table 1.1 would accept only W

|




the existing facilities, if no improvements were to be made, and o« = 1

(no risk aversion). For o - 1.5, the complex, with or without im-

provemerts, would violate the criterion. Note that if &= 0.5 (a _'
“risk seeking" society), then no improvements would be suggested by f,g
the criterion. I
C.5 Application of Cost Effective Risk Reduction

L As shown in Table C.2, the expected social cost in deaths per year k
has been estimated for the Canvey Island complex as constructed and !%

operating, and with potential improvements. In addition, proposed Ly
’} additional facilities with and without improvenents were considered. ‘;s
] The use of an ALARA (As Low As Reasonably Achievable) requirement can
: be il1lustrated, to see if these improvements are cost effective. &
Since no cost estimates were given for these potential improvements, J

‘ one can assess what costs are allowable, given a cost-effectiveness ¥
’ criteria. Figure C.1 shows the maximum expenditure as a function of ﬂ
veffective" deaths averted per year. Ej

F
From Figure C.1 the following can be illustrated for a $2 million per i‘

deatnh averted cost-effectiveness criterion: t}\

(1) Without risk aversion ( &= 1), the maximum cost-effective “1

expenditure would be $9 million per year for improving all é

existing facilities and $7.2 million per year for improve- 1‘”‘

ments in the proposed new facilities. |

(2) With risk aversion at &= 1,5, an expenditure of up to

$644 million per year would be cost-effective for improving |

b
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TABLE C.2

CALCULATED EQUIVALENT SOCIAL COSTS OF CANVEY STUDY CASES

(in deaths per year)
AS GIVEN BY SIMPLE POWER-LAW RISK AVERSION MODEL

ALL EXISTING PROPOSED PROPOSED
ALL EXTSTING FACILITIES WITH FACILITIES FACILITIES WITH
o" FACILITIES IMPROVEMENTS (ONLY) IMPROVEMENTS
0.5 0.12 0.04 0.07 0.01
1 (calculated 7.1 2.6 4, 0.5
expect ed
value)
1.5 512 190 2617 32
2 42083 15694 19440 2233
frequency
-1
(yr 7)
of events 3.0 x 1077 1.0 x 1073 1.5x 100 2.0x 10!
with
consequences
> 10 deaths
* Alpha is the exponent in the power-law risk aversion model. With & =]

the calculated expected value of the social cost is obtained; for any
other value of &, an "equivalent” social cost is obtained.
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MAXIMUM EXPENDITURE, DOLLARS PER YEAR

1010

107

108

107

106

10°

104

— e e

- | .

2

« £ 2 Million per
death averted

1 $ 1 Million per
death averted

~ $ 0.6 Million per

death averted

1.0 100 100 1000

DEATHS AVERTED PER YEAR

Figure C.1 Maximum E xpenditure as a Function of Deaths Averted (Real or Equivalent) and
the Value Assigned te the Cost-Effectiveness Criterion
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all existing facilities and $470 million per year would be
cost-effective for the new facililies.

| (3) With risk aversion at &= 2, the permitted costs run into
the tens of billions of dollars for the potential improve-

ments.

The introduction of uncertainty into ithe application of a cost-
effective risk reduction requirement, oroduces the same effect as the
introduction of risk aversion. If the expected social costs are
uncertain by a factor of 10, the maxmium cost-effective expenditure
would go up by the same factor of 10. Similiarly, if the cost-effec-
Eiveness criterion were to be decreased by a factor of 2, the maximum

“cost effective" expenditure would decrease by a factor of 2.

Lastly, with O(= 0.5 (risk seeking society) the maximum cost-effective
expenditure drops to several tens of thousands of dollars (i.0s, if it
would cost more than $160,000 for improving all existing facilities),

then the improvements are not warranted.

C.6 Discussion

Hazard indices can be defined specifically for each technological
endeavor. Generalized hazard indices can be defined, but would be of
limited utility in the abstract. Nevertheless it is informative to
consider analogous forms of hazard indices as part of a risk assess-
moat. Tamle C.2 shows such a hazard index: the frequency of events
with consequences greater than 10 (unweighted) deaths/ycar. Alter-

natively the Canvey lsland study indicates the prchability of a

.1%50-
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"significant accident" (some of which have no associated fatalities)
as approx’ately 3 x IO'2 per year. The acceptability of an endea-
vor mey rest on such measures of incident frequency analogous to
degraded core damage hazard states for a nuclear unit; such considera-

tions are, however, beyond the scope of the simple trial criteria.

The risk, as assessed, of the Canvey Island industrial complex would
be in excess of that specified by the trial criteriz. Benefits of the
complex have not been considered; indeed, the complex is considered
vital to England and continues to operate. Also, it has not been
determined whether it is either possible or practical to construct an
equivalent corplex that would conform to the criteria. Nevertheless,
it is reasonable to expect such a facility would present a reduced '
spectrum of risks and that the trial criteria would provide at least :

adequate protection to the public health and safety, if the societal

benefits of the facilities are equivalent.

C.7 Reference for Appendix C
C.1 Health and Safety Executive (UK), "Canvey: An Investigation of

Potentiai Mazards from Operations in the Canvey Island/Thurrock
Area,” London: Her Majecty's Stationary Office, 1978.
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ABSTRACT OF COMMENTS

The "Summary of Public Comments" (in which each respondent is identified and
the response summarized) is voluminous and does not provide a convenient means
for discerning the overall nature of the comments. Because of this, OPE has
prepared the following "Abstract of Comments." The format is the same as the
Summary, i.e., eight sections summarizing comments on the principal parts of
the proposed policy statement and nine sections summarizing the responses to
the questions posed by the Commission at the end of the proposed policy state-
ment.

Although the "Abstract of Comments" is intended to be an accurate representa-
tion of the oral and written comments that have been received, it mav not
faithfully reflect the respondents' views. Moreover, the abstractors, in the
interest of brevity, have included few details of the commenters' aiscussions
of the reasons for their views. The reader who finds the abstract unclear and
wishes to know exactly what the commenter said should consult the "Summary of
Public Comments" or the original responses themselves.
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1. OVERALL RTACTION TO PRO:USED SAFETY GUALS

Reactions to the proposed safety goals range from enthusiastic praise and
endorsement to vigorous rejection accompanied by derogatory remarks. The
extreme reactions at both ends of the range are of limited value in terms of
preparing a revised policy statement. The many intermediate reactions -
endorsements with rationalized rejections and suggested crarges - are valuable
in revealing what many responcents expected of the safet; goals and huw they
would wisn to modify the goals to satisfy their expectations. These reacticns
provide a useful basis for considering revisions to the craft to enhance its
acceptability Ly a broader segment of the intere:tad public.

As the following summary indicates, the reactions of respendents within certan
categories (such as the vtilities and *he puclear industry and professional
groups) are more consistent and easier to categorize than the reasctions of
individual members oi the public.

The Utilities

The utilitics' responses are almost unanimiusly supportive of the propcaed
safety goals. Many repeat the purposes included in the proposed paiicy -tate-
ment, i.e. the safety goals

- will clarify NRC's position on "now tafe 1s safe enough?"

- w.1l lTead to more cohersnt, consistent regulation and a more pre-
dictable regulatory process

* will aid public undevstanding of and coanfidence it tha safety of
nuclear nower plants

- will help upiT9L s evatuate safety-cost Liudeoffs tc achieve an
optimum balonce

The utilities note the following additicnal rcasons for adopting the safety
goals:
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- will ultimately allow for a better focusing on the issues of
true safety significance, rather than the present practice of
treating all issues alike (120, C10)

- is a necessary first step toward the resolution of such matters
as the severe accident rule, many unresolved safety issues, and
the conduct and objectives of the NREP program (117

. represents a first step in removing the subjectivity that many
feel is characteristic of the current licensing process (127)

. will rationalize the reqgulatory process and maximize the safety
benefits obtained from expenditure of available resources (98)

A number of the utilities express misgivings about the value and practicality
of the goals until more is known about the standards to be used for demonstrat-
ing compliance and the plan that is developed for implementation. Many express
reservations about the wisdom of publishing safety goals for nuclear power to
the exclusion of comparable goals for other activities.

Some responses are less than endorsements and include reservations, such as:

» hoping that the adoption of the safety goal will lead to a
backfitting policy based on consideration of overall safety
rather than the current practice of focusing on systems or
components (126)

. hoping that the safety goals will lead to a rational
differentiation between requlatory requirements for new plant
designs and operating plants (126)

. noting that the development of safety goals will require con-
current development and identification of an acceptable
methodology such as probahilistic risk assessment that provides
a safety "yardstick" suitable for determining whether safety
improvements are required (48)

> believing that the use of goals in the regulatory process must
be subject to right-of-challenge by industry (122)

. noting that, unless there are clear-cut criteria by which
compliance can be shown, a derogatory implication would be added
to an already conspicuously berated industry without just cause
(69)

- suggesting that the public welfare might better he served by a

comprehensive comparison of risk: and benefits of the various
alternatives (140)
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The Nuclear Industry and Related Professional and Industry Organizations and
Individuals

The various architect-engineer firms, major vendors, ana professional societies
almost al) endorse the safety goals. Many of the responses advance the same
;upportivo arguments as the utilities., For example, Chauncey Starr, EPRI,
believes that "The NRC's endeavor is the only way to provide an explicit means
for constructive exchange between the nuclear industry and tie NRC and to
disclose all the factors involved in decision-making." (32)

In addition, the following points are made:

. several aspects of the policy statement lead to the belief that
issuance as a final policy statement is premature at this
time (128)

- adoption of the statement should not precede an assessment of
how it can be implemented and what positive and negative
benefits will result (94)

. the instant policy is overly stringent and is based on reducing
a remote hypothetical risk to essentially zero (94)

. safety goals for nuclear power plants should be set up in
accordance with other technical regulation of our society, i.e.,
a minimum of risk is only achieved if the same goals is
established for all technical equipment (132)

- the goals should reflect the actual, not perceived, risk to the
public (B10, B17)

Academics and professionals

Relatively few academics and professionals testified at the hearings or
~esponded to the draft policy statement. The respondents divided into two
groups: On the one hand, there were those who believed that the safety goals
were a "timely effort" (90) and a "large step in the right direction" (133)
that would produce a workable set of goals that might serve as a "model for
other technological activities that are regulated." (89) On the other hand,
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Private Citizens

The vast majority of commenters were private citizens who were representing

their own positions. Although some of them were associated with groups of
various persuasions (e.g., environmental, anti-nuclear, pro-nuclear, etc.)
their comments reflected their individual - rather than the group - point of
view.

The most popular themes expressed by the ind viduals, most of them having an
antinuclear bias, concerned the following points (listed in general order of
frequency of articulation):

the "Timited" scope of the "omissions" inherent in the proposed
safety goals. Many individuals believed that it was both

improper and unwise to consider nuclear safety without looking

at such issues as worker safety, waste problems, fuel cycle
effects, routine radicactive releases, nuclear material diversion,
earthquakes, sabotage, and intergenerational transfers of risks.
One commenter noted that risk of psychological damage should be
included. Another commented that risks to forms of life other
than human beings are ignored.

the "general, vague" quality of the goals. Many individuals
agreed with Commissioner Gilinsky that "the proposed guidelines
were too remote from the nitty gritty hardware decisions that
have to be made every day... to be of much use." They pointed
out that the goals were too abstract to be meaningful, bore "no
demonstrable connection to practical reality" and did not
provide a realistic way to assure health and safety of the
public.

Too little emphasis on enforcing quality, or improving
engineering principles and practices and on improving safety.
It was suggested that "real safety comes from good design of
facilities, good construction (and) good fabrication."

Substantial variations exist in individual perceptions re-
garding the "acceptable" level of risk. Commenters questioned
the acceptability of risk limits as high as those specified

in the report and stated that greater emphasis should be placed
on zero population risk = on the prevention of deaths from
public safety accidents. These commenters objected to goals
that "would permit 13,000 deaths over the lifetime of 150
reactors” or the likelihood of "murder" of large numbers of
people. One commented that "acceptable risks means acceptable
deaths since nuclear plants will always be operated up to their
maximum capacity.”
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Objection to qualitative goals. Clesely tied to the notien of
zero risk was the oft-stated belief that the use of numerical
guidelines might be a source of misinformation - to connote
standards or levels of acceptability in the public mind. One
commenter asked, "Does provosing a limit on core meltdown
probability make it less likely?"

The purpose for which the guidelines were to be used. Commenters
foresaw problems with using probabilistic risk assessment (PRA)
to define safety aspects of nuclear power plants on the basis
that it would be impossible to factor in or calculate human
error, poorly trained operators, inadequate maintenance, multiple
failures, etc. These individuals saw no assurance of safe
operation until "human behavior" problems were resolved.

Further problems with the use of PRA concerned the belief that
information on goals would become inaccessible to independent
review by the public. As one commenter stated: "Complex and
unverifiable computer programs inaccessible to the independent
reviewer will substitute for basic judgment i- safety regulation."
And again "any reliance on PRA to provid: » good basis for a
safety goal must be counterproductive or so undisciplined as to
be worthless." Some noted the inconsistency between use of PRA
and NRC repudiation of WASH-1400.

Many individuals stated that comparisons are misleading; that
“nuclear power poses a unique kind of risk."” And that their
risks cannot be compared with other types of energy plants.
These commenters believe that the societal risk of nuclear
power, with its more hazardous technology, could not be compared
with other electricity-generating techniques. Many commenters
pointed out that the draft safety goals ignored alternatives to
electricity for supplying our needs, particularly “conservation
which makes any expansion in generating ability unnecessary."
These individuals questioned the taking of chances when "safer
alternatives exist." Some individuals believed it would be
desirable to have a historical backup of recorded deaths and
injuries (or lack thereof) from nuclear energy production as
compared to other forms of electricity production. Others
thought that the safety goals should take into account the
"plausible level of individual exposures as determined by
realistic calculations.”

Many individuals perceived the draft safety goals as "window
dressing, an effort to assuage-public fears, daily increasing,
concerning accidents at nuclear power plants." Some saw it as a
"statement in defense of the indefensible; a transparent fraud;"
and/or "play designed to mask specific issues related to nuclear
power safety with a smoke screen based on PRA." Others saw it
as an "exercise in futility", and a "cover-up of deadly nuclear
hoax," and "an attempt to improve public perception of nuclear
safety instead of preventing risks." One suggested that NRC
should not waste its time trying to convince the public that
nuclear power is safe.
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Many individuals advocated that we should cease building plants
to achieve ALARA risks; that the reliability of nuclear plants
remains so uncertain that there is no way to assure safety.

Some individuals thought the safety goal statement should
include risk factors for the "non-biologically average" members
of the public, such as infants, children, and pregnant women,

Finally, individual comments covered the following points:

== NRC should look at its siting practices and identify risks
at each specific site

== NRC should examine "unexpected" malfunctions; PRA doesn't
take them into account

-« safety goal statement is an "elitist" statement and "will
not reach a broad spectrum of people"; it is "premature and
overly specific," and would be better if it were limited to
clear understandable qualitative considerations

== the statement "widens the gap between theoretical work in
probabilistic risk assessment and experienie in the field."

==  Risks addressed by safety goals are not as extensive as
actual risks nor are they based on realistic accident
scenarios; they should include risks of evacuation as well
as the risks of ingesting contaminated food, milk, water as
these may contribute more man-rem than exposure to the
plume.

== Authors of safety goals have a risk-benefit mindset that is
philosophically bankrupt

== An honest and clear description of all costs involved in
generating electricity by various means and their related
health and safety risks should be presented to the public,
and the people that would be receiving nuclear power should
determine if the risks are acceptable.

= NRC's function is not to determine acceptable risk but to
make certain that accidents do not occur;, if it's impossible
to avoid accidents, NRC should see that the plants are
closed down and decommissioned safely

- There is no place for nuclear power plants in a free
society; they should be shut down as they will surely kill
us and poison the land

=9 Detonation of a nuclear weapon on a nuclear power plant,

whether intentional or unintentional (e.qg., intended for a
nearby military installation such as the Vandenberg Air
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Force Base near Diablo Canyon), would create an enormous
catastrophe; nuclear plants c<hould be shut down.

Nuclear power should have no subsidies and no regulations
and be required to compete with other forms of power
generation

As long as private corporations run nuclear plants while
looking for profit the plants are going to be unsafe

Nuclear plants should be built into a mountain or located
underground to reduce risk

Fatalities already caused by release of low-level radiation
are not taken into account

Waste problem should be solved before building nuclear
plants

PRA-based safety standards may thwart nuclear power develop-

ments; failure to build nuclear power plants have already
cost millions of lives
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2. IMPLEMENTATION OF GDALS

Nineteen commenters stated they would need to review the implementation plan
before they could fully comment on the Safety Goals. (121, 122, 112, 92, 117,
116, 58, 68, 128, 100, 110, 56, 70, 47, 142, C21, C16, 32, L20). The following
comment by the American Nuclear Society is representative of the views of this
group:

Judgments on the value of a safety goal approach cannot be made by
consideration of the goals themselves apart from consideration of the
implementation process. Certainly the safety goals are devoid of
much meaning without a clear specification of how it will be
established that the goals are met. It is clear that implementation

of the safety goals approach must be made in a cautious and enlightened
manner,

For the above reasons, the endorsement of the ANS to the safety goal
approach, while unqualified in principle, must remain with some
reservations until the value of the approach, as actually implemented,
is validated. (117)

Five commenters believe that the goals should not be used in licensing, but
only to assess regulations. (101, 114, 70, 72, 81). Detroit Edison's comment
summarizes this group's views:

The safety goal should be the standard against which both existing
and future rules and guidelines are measured. To ensure consistency
and order of the regulatory process, these rules and guidelines, and
not the safety goal itself, should be applied in individual licensing
activities. (101)

Five commenters agreed that the safety goals should be used on a trial basis.
(127, 120 + C10, 104, 136, 139). The comment of Alabama Power provides an
example of this position:

Alabama Power Company concurs with the plan to provisionally adopt
the proposed, or amended, safety goals. Since the concept of safety
goals and the methodology for determining compliance has not been
used in the past, provisional adoption will allow the ideas to be
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tested and developed without impacting the licensing of nuclear power
plants if problem areas are identified. Provisional use would only
be for the purpose of determining viability of the safety goal
concept and would not be the bazis for actual licensing or backfit
decisions, After provisional use of these goals and guidelines, this
subject should be reopened for public comment. (127)

Four commenters thought that the safety goal should only be a tool to supplement
current requirements. (130, C10 + 120, 126, 136). The comment by Portland
General Electric reflects the views of this group:

It is important to realize that any numerical guidelines adopted now
cannot be "hard and fast," since the risk assessment methodology and
supportive data base are as yet not fully refined. The uncertainties
associated with any analysis must be taken into consideration, and
thus, it is best to rely on risk assessment techniques to provide
supg1ementary information for consideration in the regulatory process.
(130)

Three commenters believe there needs to be a better consensus on the usefulness
of PRA before it can be used in the implementation of the safety goals. (98,
133, 47). The following comment by Baltimore Gas and Electric provides examples

of the reasoning behind this position:

It may be premature to insist on the application of PRA to the
determination of compliance with the safety goals suggested, or even
compliance with the suggested risk guidelines. Because these are
expressed as a relationship of risk to risk, they provide a reasonable
basis for expressing and clarifying NRC regulatory policy in absolute
terms, independent of assessment methodology. Without a broader
technical consensus on the precision of PRA results, the question of
whether existing plants meet these goals will not be directly resolved

by PRA. (198)

Three commenters believe that the implementation plan must be considered with
great care. (107, B17, 85). Miro M. Todorovich's (Scientists and Engineers

for Secure Energy) comment is representative of the group's views:

It is premature for NRC to adopt the particular guide, or even

revised guides, at this time. Any guides promulgated should be

tested in principle before being published. The use of safety goals
and numerical benchmarks as tools for evaluation must be distinguished
from attempts to cement them into regulations. The first application
can be extremely beneficicl; the second would spawn a continual
regulatory and litigatory problem. Safety goals and guidelines
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should not be used explicitly other thai in the regulatory process.
Because the proposed draft does not specify how the guidelines should
be employed, it may merely add to an already impossible regulatory
load; guidelines would be of value only if they could subtract from
the lcad by replacing existent regulations. (85)

Three commenters believe that the present state of PRA will make the implementa-
tion of the safety goals very difficult, if not impossible (B5, 49, 70). The
following comment by Professor Gilbert Brown of University of Lowell is typical
of this group:

I'm afraid the safety goals won't be workable. This is especially
true of the numerical guidelines. Without a yardstick, it would be
impossible to measure how the given reactor measures up the proposed
guidelines. Furthermore, given the state of the yardstick, it is not
clear that we understand the physical phenomena that may occur in an
accident well enough to even know what we are measuring. (B5)

Other comments include:

- Wait for the conclusion of the current source term investigation
(109, 23) .

- The implementation pian should provide a uniform approach to
PRAs. (89, 96)

- Operators should be given flexibility to meet goals (L40)

- Numerical compliance is impossible, use consensus approach (32)
- How will plants just out of compliance be treated (72)

” Safety goals should be useful in design (57)

- Goals too vague to be practical (69)

- Narrow scope of goals to equipment reliability (140)

- Set trial period of one year (135)

- It is important to determine the effect that use of safety goals
will have on regulatory efficiency (70)

- PRA should not be used to implement goals (12)

- Acceptable risk should be determined by a vote of citizens
living near the plant (61)
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Make explicit the fact that the proposed risk levels are absolute,
not balanced against other considerations (118)

Include the risks of genetic defects (L35)

Explicitly acknowledge the limitations of gquantitative methods
(31)

Use greatest risk individual instiad of average individual
(21)

QA should be used to assure compliance (3)

The implementation plan should emphasize reducing uncertainty
in calculations (96)

Explicitly include unquantifiable risks (96)
Include in all results uncertainty (96)

The implementation plan should distinguish between old and
new plants (96)
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3. QUALITATIVE GOAL ON INDIVIDUAL RISK

The propcesed qualitative goal on the individual risk is stated as follows:
“Individual members of the public should be provided a level of protection from
the consequences of nuclear power plant accidents such that no individual bears
a significant additional risk to life and health."

Eleven commenters agreed with the goal as proposed. (101, 69, 117, 58, 68, 54,
139, 93, 142, 34, 129). The following comment by Detroit Edison is representa-
tive of the group's views:

Fdison agrees that an appropriate and reasonable safety goal should
include protection of individuals living near nuclear power plants.
(101)
A number of commenters proposed restatements of the goal. Six commenters
thought that the first and second qualitative goals should be combined or
comparing nuclear risks against the risks of other activities should be in-
cluded in the individual goal. The comment ¢* the Department of Energy pro-
vides an example of these restatements:

Individual members of the public should be provided with a level of

protection from the consequences of nuclear powerplant accidents such

that they do not bear a significant additional risk to life and

heaith compared to other potentially severe man-made risks. (92)
Three commenters' statements were intended to clarify the meaning of the goal.
fhe Atomic Industrial Forum (116) suggested defining individual as "individual
in the vicinity of the nuclear power plant." John C. Fanta of Harvard Law
School (31) believes that the goal should "express the fact that not all of the
total risks of nuclear power plant operations are addressed." Edith Chase of
the League of Women Voters of Ohio (64) suggests that the goal state that there
should be "no adverse effects, prompt or delayed, on the life or health of the

individuai."

Seven commenters stated that NRC's goal should be that there be no risk of a
serious accident or risk to an individual., (12, All, Al18, C29 «102, 27, 111,
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L13). The comments of Witan Consultants, Inc., and Robert L. Anthony of
Friends of the Earth in the Delaware Valley summarize the views of this group:

Expand the qualitative goals to include the intent of the NRC that no
public deaths occur that are attributable to nuclear plant accidents.

(12)

We do not consider any risk of death from a nuclear plant acceptable!
No individual should bear any additional risk;, we do not know what
"significant" means and do not accept it. (27)

Four commenters thought that the goal needed to be better defined to be
implemented. (C30, 61, 91, 133). The comment of Deborah L. Norton of Action
for a Non-Nuclear Future was typical of this group: "“The word significant
makes this goal vague and unenforceable."

Two commenters believe that only involuntary risks should be compared (C4, L7).
The following comment by Joanna Hoelscher of Citizens for a Better Environment
is representat ve of this viewpoint:

-

CBE believes that it is inappropriate to compare voluntary with
involuntary risks, i.e., the risks of nuclear power with other
accident risks such as "driving, swimming, and flying." There is an
element of personal choice in each of the latter which simply does
not exist in the process which leads to the construction of a nuclear
power plant., I can decide if I want to drive, or swim, or fly; but
the selection of fuel and even the more basic decision about whether
or not to even build a new electric generating plant are, by and
large, out of my control. (C4)

Mary Basch (L13) thought the goal should "include the risks from routine

emission, from the nuclear fuel cycle, from sabotage or from diversion of

nuclear material."

Mark P. Oncavage of Floridans United for Safe Energy (129) stated that the
"other proposed goals hopelessly undermiﬁe the attainment of this goal. Thus
all proposed guidelines should be reconstructed to enhance the attainment of
the first safety goal."
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1 realize the Commission's narrow scope of consideration, but the
question which compares different methods of generating eiectricity
according to some theoretical risk factor does not allow room for
consideration of displacing that electricity altogether with insulation
or efficiency. These are two methods that have a much broader base

to risk assessment. (A4)

Five commenters believe that the relationship between ALARA and the cost/
benefit guideline should be made explicit. (114, 116, 100, 110, 142). The

comment of the Atomic Industrial Forum is representative of the views of this
group:

The policy statement also notes that the use of a cost-benefit test

for safety improvements is implicit in the goal through the use of

the phrase "as low as reasonably achievable." However, this interpreta-
tion is often not well understood in practice, and we would recommend
explicitly recognizing the appropriateness of cost-benefit balancing

in the statement of the qualitative goal. (116)

Five commenters agreed with the proposal to compare the risks of nuclear power

with the risks of other viable electrical generation technologies. (92, 58,

54, 83, A5). The comment by Texas Utilities Generating Co. summarizes the
views of this group:

The goal that societal risks from nuclear power plants should be

comparable to or less than the risks of generating electricity by
viable competing technologies is a useful and appropriate safety

goal. (54)

Five commenters believe that risk comparisons are not appropriate in a safety
goal. (117, Al6, 34, 36, 111) The following comment by the American Nuclear
Society is an example of the reasoning behind this position:

The final thought relates to the comparison of societal risk for
viable competing technologies. Although such comparison provides
useful insights and may be a decisive factor in decision making, we
doubt that it properly belongs in the safety goal framework. Such
comparison studies should be performed, and we have no doubt that
nuclear power will come out favorably in them. But we recommend that
favorabla comparison be deleted as a safety aoal for the following
reasons. 1f comparison is to be made with competing technologies,
the comparison must logically be made on cotal impact, i.e., in the
nuclear plant case on the total fuel cycle. We do not recommend this
approach, however, since it carries us too far afield, and, more
importantly, we do not believe that comparison of competing tech-
nologies is necessarily relevant.
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Compared technologies could, in principle, all present risks far
below acceptable values with comparative risks therefore not a
decisive factor. A further criticism of this part of the second
qualitative goal is that it may lead to all competing technologies
(assuming they all in time establish safety geals) specifying they
must present comparable or less risks than the others, thus leading
to a racheting process. (117)

Five commenters suggested that a risk comparison should include the risks from
the total nuclear fuel cycle in order to place all risks on an equal basis.

(31, Al16, 38, 111, 52). The comment of John C. Fanta of Harvard Law School is
representative of this group's views:

The comparison made is not between the total risk of nuclear power
plant operations and the total risks of competing technologies, but
rather between only the risks of nuclear power plant accidents and
the total risks of competing technologies. This second proposed goal
should be amended to state that the total risks of competing tech-
nolggies should be compared to the total risks of nuclear power.

(31

Three commenters *hought that ALARA is an important part of the goal and should
be emphasized. (101, 122, 117). The comment of Yankee Atomic Electric is
typical of this groun:

The As-low-As-Reasonably-Achievable (ALARA) standard is fundamental
to an achievable safety goal. There is a limit on how much this
country can afford to spend to reduce risk from all its technological
activities. Current societal perspectives are causing more spending
for light water rector safety. (122)

Other comments include:

- Unqualified agreement with proposed goal (58, 34).

o Supply and political risks to other energy sources such as oil
should be considered (71).

- The risk comparison needs to be clarified (68).

. A societal risk goal is redundant to the individual risk goal
(90).

- Remove "or less than" from goal (142).

Include psychological stress in risk calculations (74).
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5, NUMERICAL GUIDELIWES ON MORTALITY RISKS

The proposed numerical guideline on mortality risks is as follows:

“The risk to an individual or to the population in the vicinity of a nuclear
power plant site of prompt fatalities that might result from reactor accidents
should not exceed one-tenth of one percent (0.1%) of the sum of prompt fatality
risks resulting from other accidents to which members of the U.S. population
are generally exposed.”

Eight commenters believe that 1% is a more appropriate value than the proposed
0.1%. (B10, 117, 116, 58, 68, 128, 55, 142). The following comment by the
Atomic Industrial Forum is representative of the views of this group:

The proposed value of 0.1% of existing accident risk as a guideline
for prompt fatality risk is excessively stringent and conflicts with
the qualitative safety goals. This value <hould be increased to 1%
or replaced with a formulation that effeciively provides a more
realistic and reasonable value for individual risk. (116)

Seven commenters thought that the guideline was too conservative. (112, 71,

B10, 96, 62 +C21, 85, 126) The comment by Stone and Webster Corp. summarizes
this group's views:

[he goals as defined by the NRC are too conservative. fven though
these calculations of risk are mathematical exercises, they may end
up in excessive costs for the generation of power. (B10)

§ix commenters thought that the guideline was set too high. 12, 9 +141, 86,

113, 52, 61). The comment by Mary B. Davis of the Sorghum Alliance is typical
of this group:

The 0.1% yields too high a mortality risk, especially considering
mortality risks of other aspects of nuclear industry (routine emis~
sions, the nuclear fuel cycle, sabotage, and diversion of nuclear
material, etc.) (52)

07/08/82 18 SAFETY GOAL ABSTRACT




Five commenters thought that the individual, prompt fatality limit would, but
should not, dominate the other numerical risk }Jimits. (120+C10, 122, 114, 69,
18). The following comment by the Yankee Atomic Electric provides an pxample

of this viewpoint:

The NRC's proposed goals separated individual risk/prompt fatalities
from popu\ation risk/latent fatalities, but established 2 common
numerical guideline of 0.1% for the acceptable risk increment for
either category. Thus, individual prompt fatality risk considera”
tions will predominate in most scenarios. We pelieve the prompt
fatality risk-goal of 0.1% of accidental deaths normally occurrin
may be too low. It translates roughly into 2 risk-goal of 5(10)-

er year. Compared to the average mortality risk for accidents
(5(10)-* per year] or for cancer (2(10)-* per year], it is extremely
small. A more reasonable value must be chosen. (122)

Five commenters suggested extending the distance criteria from 1 to 10 miles.
(45, 96, 117, 133, 24). The comment by pennsylvania power and Light Co.

summarizes the views of this group:

The risk of early (prompt) fatalities that might result from a
nuclear power plant accident should be pased on the popu\ation that
can potentia\\y receive life threatening doses. The NRC has stated
that such exposure should not occur peyond 10 miles from the plant
site. This led to the development of the 10-mile plume exposure

emergency planning zone (EPZ). (45)

four commenters thought that the NRC should cet a value for prompt risk from
puc lear power plants. (101, 135, 118, 64) Two suggested 3 value of 10-®
fatalities per year (118, 64). The comment DY General Atomic Co. is

represontative of this group:

The proposed numerical guidelines specily an incremental risk (0.1%)

but do not identify within the guideline the total risk. These are
specified in later sections of NUREG-0880. Since members of the

general public may not read all of NUREG-0880, it is recommended that
the numerical guidelines incorporate the total risk due to nuclear
power plant accidents as well as the incremental risk. On pages 22

and 23 of NUREG-0880, these are no more than 5 in 10,000,000 per year
for prompt fatality and 19 in 10,000,000 per year for delayed mortality.
It is better to know one's total risk rather than an increment of an

unknown base. (139)
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Four commenters thought that nuclear risks cannot and should not be compared
with other risks. (A&, 27, 113, 84) The following comment by Mrs. H. T. Reed
of the Sierra Club of North Carolina summarizes the views of this group:

Total risks from all causes are not comparable to the risk of
meltdown effects. Personal risks are a matter of individual choice
and action, such as taking refuge from lightning or going over the
Niagara in a barrel, driving fast or slow, or not driving at all.
Risk in other technologies is limited in area and self-limiting in
time. To the extent that it increases in the age of chemistry, we
should be trying to reduce other risks, not enlarge them by allowing
given percentages for them. So that as social risks increase, then

the risk of nuclear death becomes increasing wide and acceptable.
(A8)

Three commenters thought that it was not wise to include both individual and
societal risk in the same numerical guideline (130, 69, 92). The comment by
Virginia Electric and Power Co. provides an example of the reasoning behind
this position:

The quantitative goals lump the risk to individual and population
together for comparison where the qualitative goals address them
cseparately. It is not credible that the individual risk and popu-
lation risk will even be the same order of magnitude for many
reasons, not the least of which are individual age and location with
respect to reactor. (69)
Three commenters thought that the guidelines were confusing and its implementa-
tion plan unclear. (34, 111, 116) The comment by Robert English is representa-

tive of this group's views:

The discussion is mixed up, is confusing and, therefore, does not
provide unambiguous guidance for future decisions. (34)

Three commenters believe that the prompt fatality risks of nuclear power should
be compared with the risks of other competing electrical generating technologies.
(127, 126, 62 + C21). The following comment by Florida Power and Light Co.

summarizes the views of this group:

The quantitative risk guidelines and cost-benefit quideline appear
inconsistent with the qualitative guideline requiring that the "total
risks of nuclear power plants resulting from normal operation and
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accidents are comparable to or less than the total) risks of the
operation of competing electricity generating plants.” The indi-
vidual total accident risk guideline, which applies to the most
exposed individual fs about 2.5 x 10-%,  Others in the vicinity
of the plant would be exposed to a much lower risk. A coal plant,
the competing form of generating electricity, would routinely ex-
pose large numbers of individuals to a risk of about 2 x 10-%,
These figures would indicate that the nuclear plant guideline is
excessively restrictive. (126)

Other comments include:

. consider involuntary risks only (34, 64)

- support ALF proposal of individual risk 10-* per year and
societal 1 fatality per 1000 MWe per year (122, 114)

. disagree with use of biologically average individual (34, 86)
- delete societal risk limits

o distinction between prompt and delayed fatalities {s unnecessary
(89, 34)

- delete distance criteria (34, 113)
. compare with total mortality, not just accidents and cancer (38)
. guideline does not address what is reasonably achievable (38)

- actual experience shows that guidelines would relax safety, why
change? (A10)

. guideline should not include multiple reactor site restrictions
(120 +C10)

- agrees with prompt vs delayed distinction (112)

. use per MWe instead of per plant (112)

. define source term levels (69)

. apply guideline only to population exposed to risk (45)

» guideline should compare nuclear risks with the risks of other
low probability events., (92)

. agrees with the use of biologically average individual (92)

. unqualified approval of proposed guideine (54)
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one mile criteria unclear (128)
it is not prudent to use numerical guidelines (31)
do not increase risk limit by increasing distance criteria (96)

if all dangercus industries adopted this guideline, public risk
would increase substantially (49)

to concentrate on individual risk makes large societal risk
appear acceptable (49)

state range of total deaths from all nuclear risks (49)

there is disagreement within the UK about whether safety
guidelines should connect probabilities of releases with their
consequences. (57)

use only national fatality statistics (142)

.1% nuclear risk 1imit when compared with numerous hazards could
Tead to nuclear being the largest hazard (124)

estimating risk is not possible (124)

guideline should include consideration of organ doses (67)
guideline should consider injury risks of evacuation (67)
distance criteria is too small (86)

it is not possible to control risk this precisely (L36)

risks of nuclear power should be compared with those of other
energy alternatives (64)
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9. NUMERICAL GUIDELINES ON CANCER RISKS

The proposed numerical guideline on cancer risks is as follows: "The risk to
an individual or to the population in the area near a nuclear power plant site
of cancer fatalities that might result from reactor accidents should not exceed
one-tenth of one percent (0.1%) of the sum of cancer fatality risks resulting
from all other causes."

Six commenters believe that 1% would be more appropriate than the proposed 0.1%
(112, 45, 117, 68, 100 +131, 110). The fo!lowing comment by Pennsylvania Power
and Light Co. summarizes the views of this group:

We believe the numerical guidelines have been developed too con-
servatively. We recommend that they be revised to reflect that risks
from nuclear power piant accidents should be comparable to the risks
from other technologies. Specifically, we recommend that the risk to
an individual or the local population should not exceed one percent
(1%) of the sum of other risks from technologies in the U.S. The 1%
ratio is not too conservative and does assure an insignificant impact
from nuclear power. Since the NRC intends to introduce the guide-
lines on a trial basis, the 1¥ ratio could be used and modified if
determined to be unacceptable. If a 0.1% ratio is used, we believe
it is highly unlikely to be increased even if operating history
provides suitable justification. (45)

Five commenters believe that it is not possibie to determine whether a cancer
resulted from the operation of nuclear power plants. (65, 59, 50, 52, 63).

The comment of Chester Maliszewski is representative of this group's views:

[ don't see how you come up with your projected numbers for the
cancer rate associated with nuclear power plants. You are implying a
level of knowledge that is not present in the technology you're
using. Causation of cancer has not been sufficiently pin-pointed to
allow you to claim much accuracy for your projections. (65)
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Four commenters felt that this level of risk is unacceptable. (27, Al, A8, 65)
The comment by Robert L. Anthony of the Friends of the Larth in the Delaware
Valley is typical of this group's position:

No risk of cancer fatality from nuclear should be added to other
causes; neither are acceptable. (27)

Three commenters thought that the 50-mile radius defining the population at
risk should be flexible depending on site-specific conditions. (120 + C10,
128, 57). Commorwealth Edison's comment is representative of the views of this
group:

The numerical guidelines have set forth a 50-mile radius for defining
the population at risk. We suggest that this may be overly
conservative in many cases. A better approach would be tc let the
individual plant assessments establish the radius of significant risk
considering the site specific and area specific factors of interest.
In addition to being more realistic, such an approach might avoid
some basic philosophical (and possibly legal) difficulties if two
sites, owned by two utilities, in two states, exist less than 100
miles apart. (120 + C10)

Three commenters thought that the NRC should determine a.value for non-nuclear
risks or set an arbitrary value for nuclear risks. (Cl10 + 120, 126, 118). The
following comment by Professor Richard Wilson of Harvard University provides an

example of this position:

I would personally prefer that NRC explicitly state a risk level of 1
in 10-% as the accepted risk level, and not 0.1% of a cancer rate.
This is because 1 in 10-% has already been widely discussed. Yet the
numbers are not dissimilar. The cancer risk is about 2 x 10-3/year
and 0.1% of this is 2 x 10-% per year. [ have, therefore, no great
quarrel with 0.1% of cancer rate provided it is agreed to as a

de minimis risk to be acceptable without argument. (118)

Three commenters believe that the 0.1% value is too small. (121, 114, 126).
The comment by Middle South Services, Inc. summarized the views of this group:

There is also no logical basis for selecting 0.1%, nor is one cited
anywhere in the document. This number could just as well have been
0.1%, 1%, or even 5% and would have still met the qualitative goals.
Our society willingly accepts much higher percentages from other
technologies. Why should nuclear power be afforded such special
treatment? (114)
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Other comments include:
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include risk of genetic defects (L13, 52)

0.1% should be tied to existing cancer rates not to the current
cancer rate (101, 64)

meeting the individual guideline ensures compliance with the
societal goal (96, 57)

unqualified agreement with guideline as psoposed (83)

guideline ignores cumulative risk of those living within 50
miles of two different plant sites (49)

guideline cast solely in terms of "expected value,"
supplement with "1imit lines" and/or "CCOF." (120 + C10)
this guideline will be difficult to implement. (69)

instead of 0.1% of cancer mortality, compare with cancer risk of
other technologies (92)

consider only societal risk {il6)

consider only individual risk (58)

divide guidelines in terms of individual and societal risk
instead of in terms of prompt and delayed fatalities. (100 +
131)

consider environmental effects (26)

explicitly state that the risk to the population within 50 miles
envelopes the total population. (70)

use a 1000 person-rem limit (47)

inconsistent with goal to compare with risks of competing
technologies (137)

individual and societal risk should not have the same value (57)
use of PRA is not acceptable. (C4)
it is not possible to annualize delayed cancer fatalities (24)

NRC's cancer mortality model is not conservative (111)
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. does not believe in concept of "acceptable deaths" (103)

- no rational for 13,000 deaths (59)

* contamination of food and water not considered (67)

' consider synegistic effects of radiation and pollution (86)
" use 100 mrem limit (L7)
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7. BENEFIT-COST GUIDELINE

The proposed benefit-cost guideline is as follows:

"The benefit of an incremental reduction of risk below the numerical guidelines
for societal mortality risks should be compared with the associated costs on
the basis of $1,000 per man-rem averted."

Sixteen commenters thought that the guideline needs to be better defined or
there must be a clear implementation plan in order for them to teil whether the
$1,000 per man-rem averted is reasonable. Many wanted the NRC to explain the
rational for choosing $1,000. (127, 130, 120+C10, 121, 69, %4, 2, 12, C1, 113,
103, 65, 59, 50, 91, 64). The following comment by Virginia Electric and Power
Co. is typical of this group:

The cost/benefit guideline is linked to the quantitative guidelines
already discussed as too vague to be of practical value. Determi-
nation of the man-rems averted is subject to the same variables as
population risk and with the cost of determining the value achieved
added to the cost, $1000 may well be inappropriate. (69)

Fourteen commenters suggested that $100 be used ins'zad of $1000. (122, 112,
100, 117, 116, 128, 137, 110, 136, 139, 142, C21, 4, 126). The Westinghouse
comment provides an example of the reasoning behind this position:

With these other guidelines already satisfied, efficient allocation
of resources should result in the dollar expenditures to avert
exposure consistent with those expended to save lives or reduce
health risks in other activities and technologies. As pointed out in
the 1981 AIF White Paper, a figure ot $100/man-rem (equivalent to
about $1 million/life using the linear relation between dose and
cancer) would be more consistent with other activities. (110)

Fleven commenters felt that the $1000 value was too large. (114, 112, B10,
116, 92, 70, 55, 57, 77, C26, 85). The following comment by Duke Power Co. is

representative of this group's views:
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The cost-benefit criterion of $1000/man-rem seems somewhat high.
Although that particular value has a precedent in nucluar appli-
cations, it was originally chosen as being “conservative." (112)

Eleven commenters believe that the cost/benefit guideline should be deleted.
Five feit it should only he used as a tool (92, 68, 54, C4, 89) and six felt
that no risk is acceptable (A18, 27, C17, 9 + 141, 123, 52). The Department of
Energy's comment summarizes the views of the first group:

we recommend that the beneiit/cost guideline be deleted. The
numerical guidelines of individual and societal mortality risks are
sufficient for public protection. The proposed numerical benefit/
cost guideline works against the objective of having clear predict-
able requirements. (92)

The comment of Dennis Hoffarth is representative of the views of the second
group:

The mere concept of using a mathematical calculation to compare
dollars to human life deserves extreme caution. We can't afford this
approach with nuclear plants. We must face the mistakes of the past
and be willing to force shutdowns or major repairs regardless of
costs if there is significant danger of a major nuclear accident,
(A18)

fight commenters believe that the $1000 value is too small. (A5, 38, 111, 103,
65, 59, 86, L13). The comment by Russ Lacewell is typical for this group:

Your proposal to spend $1,000 dollars per man hour rem of exposure
prevented puts no thought at all toward the effect of those rem
exposures, Who pays for the cancer treatments, the loss of job time?
How much is a life worth? I don't know, but it is a lot more than
$1,000 a rem. (103)

Eight commenters believe that the guideline should be discounted to account for
the time-value of money. (122, 2, 133, 96, 77, 34, 10, 179). The comment of
Yankee Atomic Electric Co. is representative of the views of these groups:

we believe the issue of discounting should be somewhere addressed in
the Safety Goals. Discounting addresses how future costs and benefits
are discounted to present worth for decision-making. What is a
reasonable difference in value for averting a prompt fatality now
versus a cancer fatality twenty years later? It may be argued that

by investing money not spent today to reduce present risk, a ‘arge
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increase ‘n resources vau'd ba svailable in tha fulure to achieve

lite saving then. (1¢)
Four commenters thotght that plant damage losses should ne excluded from the
cost/benefiv calruiation (122, 114, 58, 12%). The following comment by Bechiel
Power Corp., suimnmarizes tha views of this group:

The factors to be included in this evaluaticn wust be clearly dafined.
Factors which have large eccnomic impact to the utility with 1ittle
or no risk to the public should not be consideved as part cf the
NRC's regulatory charter nor rart of the safely goals. Therefore,
reducad riek of economic loss of the piant itself should not be
included in these evaluations. (128)
Three commenters believe that only the direct ccsts of an improvement “nd
direct safety benefits should be considered in the cost/benefit ralculation,
(117, 116, 100). The corment of the Atomic Industrial Forum provides the

reasoning behind this pusition:

In implementing this guidelire, consideration of benefits shouid be
limited to public risk reduction and consideration af costs shouid be
limited to the immediate costs oi proposed ,afety improvements.
Economic factors relating to potential future plant or offsite pvo-
perty damage are not related to safety and thus, are inappropriate
for inclusion in this benefit-cost baiancing pro-ess. (116)

Other comments include:

. unqualified support for the proposed guideline (161. " 118)

- liability loss or offsite economic dimage should be «x ed
(112, 114)

- benefit cost guideline is not consistent with de minimus prompt
and gelayed risk guidelines (57, Al3)

* use of 50 mile linit is not practical (96, 10)

. people living near the ptant sﬁould be compensated for extra
risk they assume (133, 2%)

o’ NRC should state a vaiue for man:rem equivalent tor statistical
death. (C16, 34)

- include economic losses in cost/beneiit calculation (96, 34)

do not annualize (A8, 124)
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include the cost of replacement power (58)
consider all sources of exposure (67)

use variable value depending on the size of man-rem reduction
(68)

consider total population (24)
use 50 miles cut of f (139)

there are site specific problems with attempting to implement 50
mile 1imit (109)

use of cost/benefit analysis should be limited to a few cases
(110)

instead of $1000 per man-rem averted criteria use relative
contribution to core melt probability (10)

this guideline would eliminate spending money to reduce
uncertainty which sometimes is more valuable than reducing risk

(70)

suggests $1000 for large accidents and $100-200 for small
releases (23) ’

suggests that NRC use cut off value of 500 mrems in calculating
health risks (55)

use guideline in designing new plants (96)

use guideline in reviewing NRC requirements (139)
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8. PLANT PERFORMANCE GUIDELINE - LARGE SCALE CORE MELT

The numerical guideline for the plant performance is as follows:

“The likelihood of a nuclear reactor accident that results in a large-scale
core nelt should normally be less iLhan one in 10,000 per year of reactor
operation."

Fourteen individuals and public interest group commenters believe that the risk
of one in ten thousand of a large-scale core melt per year of reactor operation
is too high. (Al, A20, A22, 34, 27, 113, 111, 97, 54, 65, 52, 61, 63, 64).

The following comment by Lavinia B. George is representative of the views of
this group:

The proposed goals that the risks of a core-melt at one reactor
during one year of operation should be one in 10,000 calculates to a
45 percent chance of melt in a 200 reactor industry over a 30-year
operating cycle. Certainly, this is tno great a risk. (Al)

Nine utility, vendor and nuclear industry group commenters agreed with the
characterization of this guideline in NUREG-0880 as subordinate to the other
numerical guidelines; that it provided an interim limitation to be used by the
staff in reviewing PRAs; and that it should not be a requirement. (120, 114,
112, 58, 54, 110, 128, 142). The comment by Commonwealth Edison summarizes
this group's views:

Although we are in agreement with this guideline, it is important that the
policy statement emphasize that this large scale core melt goal is
secondary to the goals on individual and societal risk, as well as, the
benefit-cost ratio; and is not to be considered a requirement. Further-
more, we believe that core melt frequency is a good indicator of the
financial risk to a utility from an accident which causes core damage,
even though the scenarios which contribute most to core melt frequency are
not necessarily the major contributors to plant risk. (120)

Eight commenters thought that the plant performance guideline was incomplete
because it failed to relate accident risks, through containment reliability and
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radioactive -releases, to the consequences of core melts to the public, Some
felt that the plant performance guideline could and should be derived from the
guidelines on prompt and delayed mortality risks, (69, 118, 90, 96, 109, /2 +
€12, 38, 67). The following comment by Sherwood Davis is an example of this
position:

This plant performance guideline does not relate to offsite releases
but to probabilities of a core melt and releases within containment,
It would be more meaningful in light of the proposed prompt and
delayed mortality risk guidelines to relate the probability and
source term of an environmental release following a large-scale core
melt accident, (67)

Four commenters thought that, in light of the other three numerical guidelines,
the plant performance guideline was redundant and unnecessary. (127, 122, 116,
68). The comment by Alabama Power Co. reflects the views of this group:

The proposed guideline on the likelihood of a large-scale core melt
does not appear necessary.  Since the dominant contributor to risk
from a nuclear power plant accident is a large-scale core melt, the
individual and societal mortality risks are dominated by this type of
accident., Therefore, the guideline on mortality risk adequately
addresses the concern about core melt accidents. Alabama Power
Company opposes the numerical guideline for plant performance since
it is redundant and unnecessary. (127)

Three commenters suggested using this guideline as a screening criteria. [If
utilities could prove compliance with this guideline, it would not be required
to prove compliance with other numerical qguidelines. (114, 98, 142). The
following comment by Middle South Services, Inc. is representative of this

group's views:

Its use sheuld be as a screening criterion = i e, if one passes this
test, it should not be necessary to check to see if the individual
and societal criteria are met, (114)

Three commenters thought that the guideline was not practical because of the
difficulties of performing and using PRAs. (49, 124, 129). The comment of
Thomas and Hair (co-counsel for Limerick Fcology Action, Inc.) summarizes the

views of this group:
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The plant performance guideline rests implicitly upon a purported
ability to reliably make such absolute prebability calculations, and
this ability has not been demonstrated to exist. (49)

Other comments include:

07/08/82

unqualified agreement with guideline as proposed (139, 101)

proper implementation is essential to the usefulness of this
guideline (100,104)

The guideline should emphasize operational/basic engineering
aspects of plant performance (92, 89)

no basis given for 1/10,000 guideline (103, L8)

the guideline essentially relates to economic aspects of nuclear
power: NRC should consider economic aspects (23); NRC should
not consider economic aspects {55%5)

guideline is too restrictive (137)

guideline should include external initiators and be more
stringent (57)

-
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9. QUESTION 1 - ECONOMIC LOSS

At the end of the proposed policy statement, the following background material

and question are pressented:

“The proposed benefit-cost guideline provided in furtherance of the
as low as reasonably achievable (ALARA) principle would set a
numerical formula of $1000 per man-rem averted for consideration in
tradeoffs of societal mortality risk reductions against the cost of
achieving them. The discussion paper describes the basis of the
trade-off calculations as follows: 'The benefit of an incremental
reduction of risk below the numerical guidelines for societal
mortality risks should be calculated for the population reasonably
expected to be within 50 miles of the nuclear power plant site. The
associated costs should include all reasonably quantifiable costs
(e.g., design and construction of plant modifications, incremental
cost of replacement power during mandated or extended outages,
changes in operating procedures and manpower requirements). '

Question 1: Should the benefit side of the tradeoffs include, in
addition to the mortality risk reduction benefits, the
economic benefit of reducing the risk of economic loss
due to plant damage and ccntamination outside the
plant?"

Ten commenters were in favor of including the aversion of economic loss as a
benefit in the benefit-cost guideline (24, 45, 57, 58, 96, 111, 115, 124, 132,
133). EPRI calculated the expected annual off-site property risk to range from
$199 to $14,800 (1974 dollars). Pennsylvania Power and Light calculated a
range of $1 million to $10 million per reactor year. The following comment of
J. M. Griesmeyer (ACRS staff) is an example of the reasoning behind this

position.

Economic loss due to plant damage and contamination outside of

plant would be as real a loss to society as direct health effects

and may result in indirect health effects that are as large as

direct effects. Many available risk studies suggest that the off-
site economic costs of accidents would be larger than health effects
cost at the nominal $1000/man-rem suagested in the proposal. Further-
more, some economic effects are 2mitted in the risk studies and others
such as decontamination costs seem to be underestimated. Societal
resources used to clean up and cope with a large release of radio-
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10. QUESTION 2 - CONTAINMENT AVAILABILITY

At the end of the proposed policy statement, the following background material
and question are presented:

"The primary numerical guidelines address the permissible net
residual health risks after application of all elements of 2
defense-in-depth safety philosophy. Safety against core melt and
integrity of containment are two of the chief elements of that
defense in depth. A further guideline se‘s a proposed numerical
limit on core-melt probability. However, for reasons stated in the
paper (NUREG-0880), no numerical guideline for containment failure
risk is included. Instead, qualitative guidance and the operation of
the other numerical guidelines are relied on to guide regulation of
containment effectiveness.

"Question 2:  Should there be added a numerical guideline on availability
of containment function, given a large-scale core melt?"

Four commenters (24, 69, 101, 147) felt that a numerical guideline on the
availability of containment function should be added to the safety goals. The
view of Virginia Electric and Power Company (69) follows:

The final analysis of the safety goal will compare the plant capacity
to contain harmful radiation agairst guidelines of what maximum
amount might be released without regard to type of accident. Any
guidelines must therefore include a measure of ~ontainment effective-
ness under worst case, i.e. core melt conditions.

VEPCO feels that the guidelines call for evaluation of the entire
plant as a system to keep radiation from the public and, therefore, a
numerical analysis of containment should be part of the guideline.

Twenty-six commenters were opposed to a numerical guideline on containment
availability. (23, 45, 55, 57, 58, 68, 81, 92, 98, 100, 104, 110, 112, 114,
115, 116, 117, 120 & €10, 122, 126, 127, 129, 133, 136, 139, 142). The follow-
ing comment by the Atomic Industrial Forum (116) is representative of the

group's views:
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The individual and societal mortality risk guidelines inherently serve the
objective of ensuring low probability of large release accidents. The
addition of a containment guideline to the proposed set of guidelines
would overspecify the framework and complicate implementation and could
lead to imposition of requirements that conflict with the benefit-cost
guidelines.

Three commenters (Al, 111, 124) were not responsive to the question.
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11. QUESTION 3a - UNCERTAINTY

At the end of the proposed policy statement, the following background and
question are presented:

"The last paragraoh of the proposed policy statement calls on the NRC
staff to develop, for Commission review, an action plan for
implementation of the goals and numerical guidelines. The policy
statement as well as the discussion paper (NUREG-0880) provide
guidance on the implementation approach to be employed, but only in
rather general terms. Comments and suggestions are solicited for
consideration in development of a detailed approach to implementing
the safety policy. Responses to the following specific questions
would be welcome.

"Question 3a: What further guidance, if any, should be given for

decisions under uncertainty?"

Four commenters (45, 104, 120, 139) recommended that very little or no guidance
should be provided for treating uncertainties.

Nine commenters (23, 68, 77, 92, 98, 110, 117, 126, 133) stated that the NRC
should prescribe how to perform PRA calculations and then the impact of the
uncertainties would be minimized. A typical comment by the Department of
Energy (92) was:

We view the entire process of using quantitative guidelines that
require probability risk calculations to be a process that applies to
decisions made under uncertainty. We think the correct approach is
to specify the decision rules that require PRA calculations including
specification of uncertainties and to reach agreement on the way the
PRA calculations are to be done.

Fight commenters (57, 58, 100, 112, 114, 116, 127, 142) stated that PRA results
should be calculated using best estimate values and judgment should be relied
upon if the PRA results, with uncertainties quantified, overlap the numerical
guidelines. The Atomic Industrial Forum (116) provided a representative

comment for this group:
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In using quantitative risk assessment methodelogy and safety goals in
requlatory decision-making, it is important to use best estimate
values of risk and to estimate the range of uncertainty in any risk
estimate. The weight given any quantitative risk estimate must be
dependent on its relationship to the appropriate numerical guideline
being used in the decision process. In many cases, the estimated
risk value, even with uncertainty, may fall well above or below the
relevant numerical guideline. In such cases, regulatory decisions
may be based on the PRA studies and numerical guidelines with greater
confidence, However, where the best estimate results of PRA studies
are near the numerical guideline value, additional sound engineering
judgment must support the reguiatory decision process.

Other comments (69, 90, 111, 115) were not responsive to the question.
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12. QUESTION 3b - CONFLICTS

As part of Question 3, the following was asked:

"Question 3b. What further guidance, if any, should be given on
resolution of possible conflicts among quantitative
aspects of some issue?”

Seven commenters (68, 100, 101, 104, 110, 117, 139) apparently did not under-
stand the question because their comments were not responsive. Three com-
menters (69, 112, 115) stated that further guidance is nct needed and two
commenters stated that no conflicts are expected (98, 127). Some of these
commenters, such as the following comment by Duke Power Co. (112), recommended
a trial period of use:

Further guidance is probably not advisable until the guidelines have
been subjected to a trial period of use, after which problems in
applying them can be more readily resolved, .

Three commenters (45, 92, 142) recommended that further guidance be given to
resolve conflicts and a fourth commenter Florida Power & Light Co. (126)
suggested some guidance:

fngineering judgment cannot be eliminated through implementation of
PRA techniques. Guidance to the staff will be required to handle a
situation where a safety goal quantitative guideline is not met, but
is within the bounds of uncertainty (say < 10), and all backfits to
bring *he plant into compliance are not cost-beneficial. For situa-
tione of this type it would seem that:

N an evaluation of the conservatism in the PRA methodology may be
sufficient to allay any undue risk concern generated by the PRA,
or

. additional inspection, or test or surveillance requirements may

be appropriate in lieu of a backfit that is not cost-beneficial.

Three commenters (58, 114, 116) proposed changing the individual numerical risk
guideline to resolve possible conflicts. The following comment by the Atomic

Industrial Forum (116) is representative of this group:
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The best way to aveid possible conflicts among quantitative aspects

of an issue is to ensure t

used in the decision-makinrg process are
one consideration relating to individual risk

hat the goals or numerical guidelines to be
well balanced; that is, no
, societal risk, benefit-

cost or large scale core melt should dominate all decisions to the

extent that the other factors become meaningless.
the proposed numerical guid
reflect our concern on the
fatality guideline, as proposed, wou

Our comments on

elines of 0.1% on prompt fatality risk
need to avoid such conflicts.
1d tend to dominate resolution of

many issues in a manner which would conflict with benefit-cost

considerations in that changes to design or operati
be required which are far more costly than $100 or
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13. QUESTION 3c - ACCIDENT INITIATORS

As part of Question 3, the following was asked:

Question 3c: "What approach should be used with respect to accident
initiators which are difficult to quantify, such as
seismic events, sabotage, multiple human errors, and
design errors?”

Six commenters (98, 101, 126, 127, 130, 142) recommended that the staff con-
tinue to use a deterministic approach for initiators which are difficult to
quantify. Portland Generai Electric (130) provided a representative comment:

In dealing with those accident initiators that are difficult to
quantify, such as seismic events, the methodology at the present must
follow the currently-used deterministic approach. [t is possible to
include such events in risk assessments. However, they primarily
contribute to calculational uncertainties. It may be that in the
future advanced risk assessment methods may be developed that are
capable of dealing with these uncertainties, but not at the present
time.

Thirteen commenters (23, 58, 68, 92, 100, 104, 110, 112, 114, 116, 117, 120 &
€10, 139) recommended a dual-pronged approach. They felt that most of the
accident initiators could be quantified for a probabilistic analysis; however,
sabotage should be handled deterministically. The following comment by the
Electric Power Research Institute (58) is representative of this group:

wWe do not believe that the NUREG-0880 report need provide additional
guidance on the quantification of seismic events, multiple human
errors, and design errors. A comprehensive and well-executed proba-
bilistic risk assessment should address these issues, and guidance is
being provided in the pending PRA Procedures Guide, NUREG/CR-2300.

In our opinion, the risk from sabotage cannot be meaningfully
quantified and should be excluded from probabilistic risk assessments
and safety goals. We believe that the existing engineered safety
features and the required security measures ]Jimit this risk to a
<mall fraction of the quantified accidental risk, but we know of no
analytical procedure which can demonstrate this.
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Five

commenters (45, 57, 69, 90, 115) proposed alternative approaches:

- Recognize that such events have a different level of realism and

evaluate using a set of goals for conservative analysis (45)

» Four examples should be dealt with in different ways: multiple
human errors by improved operator training, improved display of
relevanu information, etc.; <#sign errors by properly organized

system of cross-checks and review, seismic events possibly by

application of the 0.1% increase in casualty rate; sabotage - no

comment at this stage (57)

" Address according to order of magnitude of risk and state of the

art of relevant technology (69)

» Seismic events and sabotage - "use of general terms"; human
errors control by following U.S. Navy training system for
operators; PRA would identify design errors (115)

- To account for uncertainties, plant design should include robust
line of defense, e.g., design to withstand much larger accelera-

tions that the design acceleration; emphasis should be on
robustness and mitigation procedures (90)

07/08/82 43 SAFETY GOAL ABSTRACT






15. QUESTION 3e - METHODOLOGY

As part of Question 3, the following was asked:

"Question 3e. Should the staff action plan include further
specification of a process which will lend credibility
to the use of quantitative guidelines and methodology?
If so, what should be the principal bases and elements
of such guidance?"

Four commenters (58, 127, 139, 142) stated that no further specification should
be provided at this time. However, sixteen commenters (23, 45, 68, 69, 92, 98,
100, 101, 104, 110, 112, 114, 115, 116, 120 + €10, 126) were in favor of
further specifications and seven of them recommended the PRA Procedures Guide
(NUREG/CR-2300).
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16. QUESTION 3f - APPLICATION TO TNDIVIDUALS

As part of Question 3, the following was asked:

“Question 3f. On what basis should the numerical guidelines be
applied to protection of individuals? Should they be
ap2lied to the individual at greatest risk, or should
they be used in terms o’ an average risk limit over a
region near the plant? Any comments or suggestions
pertaining to the present discussion of this topic (or
other sorcifics) would be welcome."

Comments were about evenly divided between those who would apply the numeiical
guidelines to the individuals at average risk and those who would apply the
guidelines to the individuals at greatest risk, However, most ef the comments
included caveats, such as assumptions of different guidelines or specific
definitions of maximum risk. Some comments were ambiguous (45). The average
risk comments included those who supported:

- average risk over region (98, 101, 120 + €10, 133) usually in
reference to biologically average individual (100)

- average risk but limiting region to 1 mile from plant (110, 112, 92)
or 2 miles (23), or at 1 mile using a directional average with
realistic meteoralogical assumptions and referring to a 1% limit of
prompt fatality risk (5%)

- average risk, in view of belief that "proper” numerical guideline
would assure adequate protection of individual at greatest risk (112)

* average risk, generic and mathematically derived, to a person exposed
in "a defined area" (69)

Some of those supporting the average risk concept cautioned against assuming a
maximum risk individual (23, 120 ¢+ C10); it was noted that even defining this
individual would serve as a focus of dispute (122) and would put the utility
(in a site-specific application) in the position of having to meet a standard
that changed as individuals near plant moved to new locations (69). It was
further noted that numerical guidelines for individual risk should be more
“tolerant" (1.e., > 0.1%) because individuals are mobile and can take protec

tive actions. (69)
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17. QUESTION 4 - RISK AVERSION

At the end of the proposed policy statement, the following background material
and question are presented:

“The Advisory Committee on Reactor Safeguards has proposed, as part
of a safety-goal approach 'intended to serve as one focus for dis-
cussion,' that greater weight should be given to a single very severe
accident than to a number of smaller accidents with the same total
consequences. (NUREG-0739). The ACRS proposal includes a specific
quantitative formula for reflecting such ‘risk aversion.' The risk
aversion concept and the ACRS formula were discussed in the NRC-
sponsored safety-goal workshops, with controversial results. As
pointed out in the discussion paper (NUREG-0880), some elements of
the defense-in-depth approach (containment, remote siting, emergency
plans) aim at mitigation of severe accidents. However, the proposed
guidelines include no specific risk-aversion formula,

“Question 4.  Should there be specific provision for 'risk aversion'?
If so, what quantitative or other specific provision
should be made?"

Very few responses (57, 72, 118, 133, €-12) favored inclusion of a specific
risk-aversion factor. Those who advised against such a factor cited the

following reasons:

- The proposed guidelines are conservative and essentially take
into account public aversion to multiple-fatality accidents.
(23, 45, 98, 101, 120 + Cl0, 126)

- A risk-aversion factor would overemphasize high-consequence 10w~
probability accidents and cause unwarranted attention to accidents
that contribute little to overall plant risk. (100, 114, 116,

142)

. Because formulation of such a factor would require consideraltion
of social perceptions which are not easily understood, are
dynamic and dependent on unpredictable circumstances, involve
many variables, etc., it is not practical nor objective to
include it in the safety guidelines. (100, 122, 139, 142)
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- Adopting a subjective criterion might further inflame issue of
nuclear power plant safety and increase difficulty in obtaining
public understanding. (116, 127)

- A preferred alternative would be to reference nuclear risk
estimates against other multiple-fatality risks, as in
WASH-1400. (58)

. Inclusion of risk-aversion factors unwarranted in light of
very large uncertainties associated with low-probability,
high=consequence accidents. (112)

. Effort to develop factor would involve inefficient use of
resources. (58, 136)

- Steps taken to prevent and mitigate severe accidents
provide for risk aversion. (69)

- Only a small minority of population, those who cannot
accept the finite probability of a Class 9 accident, want a
risk-aversion factor. (115)

- No need in principle, since as a matter of equity, isolated
victims and victims of large accidents should be equally
protected. (90)

Those who favored inclusion of a risk-aversion factor advanced the following
reasons:

- Unless risk aversion is taken into account, the proposed safety
goals will deviate significantly from popular values. (133)

- Some allowance for risk aversion should be made, the form to be
discussed by experts (57); the ACRS proposal would be reasonable
for trial use. (72, C12)

- Risk aversion could be taken into account by calculating the

total societal impact in some conservative way, e.g., equivalent
to the 95th percentile of risk distribution. (118)
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MEMORANDUM FOR: Chairmaa Palladino
Commissioner Gilinsky
Commissioner Ahearne
Commissioner Roberts. : .

FROM:

SUBJECT :

OPE proposed a Commission meeting to discuss Safety Goals. The purpose of the
meeting is to provide the Conmission with an update of what has transpired
since the publication of the Commission's Proposed Policy Statement on Safety
Goals for Nuclear Power Plants in the Federal Register. Secondly, the purpose
is to brief the Commission on recommended further development of the Commission
Safety Goals, in the light of comments and the staff's implementation plan.
Finally, this meeting will provide an opportunity for the Commission to

discuss the proposed implementation plan with the staff.

In addition to obtaining oreliminary Commission reaction to the proposed

revised policy statement we would like to obtain Commission endorsement of a

key principle of application for NRC use of safety goals; namely, that as the
Commission said before in its policy statement--the Commission intends that

the goals, benefit-cost guideline, and design objectives would be used by the
NRC staff in conjunction with probabilistic risk assessments and would not
substitute for NRC's reactor regulations in 10 CFR Chapter 1. Rather,
individual licensing decisions would continue at present to be based principally
on compliance with the Commission's regulations. A second key principle of
application which we recommend that the Conmission endorse is that regulatory
decisions to use probabilistic risk assessment should be made on the basis of

an appraisal of its value in the specific application. Thus, implementation

of an NR® statement of safety policy should not, of itself, mandate the use of
probabilistic risk assessment. This latter point was stated as a recommendation
in the discussion paper contained in NUREG-0880 but was not contained in the
Commission's proposed policy statement. We think a Commission statement of

this type is desirable to make clear that it was not the Commission's intent

to require the industry to perform additional probabilistic risk assessments
simply because Safety Goals were endorsed.

Contacts:

Dennis Rathbun, OPE
63-43302

Jin Beckerley, OPE
Jerry Wilson, OPE
63 43295
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Copies of a proposed revicsion to the policy statement on Safety Goals is
attached. Changes were made in the attached policy statement on Safety Goals
to convert the draft statement to a final policy statement and to coordinate
the Safety Goals statement with the staff's implementation plan. Ffurther,
changes were made as a result of comments received and recommendations from
mcmbers of the staff. The reasons for the significant changes to the Safety
Goal statement are provided in the following discussion.

1. Inclusion of routine emissions. The Commission policy statement has Leen
revised to include the public risks from all radioactive releases from the
operation of nuclear power plants. The risks of the nuclear fuel cycle
and risks stemming from sabotage and diversion of nuclear material
continue to be excluded. Previously, the focus of the policy statement in
NUREG-CB80 was on reactor accidents. However, in response to numerous
public comments, we now propose to include the risks to the general public
from releases due to normal operation. The proposed approach in the
revised paper has been taken from the recent Clinton Final Environmental
Impact Statement (NUREG-0854). The categories of releases are shown in
the statement; this statement shows the staff's general conclusion that
the sum of the accident risks are roughly comparable to the risks of
routine emissions. The ACRS, in its letter of June 9, 1982, to the
Commission, agreed with the exclusion (at this time) of the risks
associated with the rest of the nuclear fuel cycle but did pat comment
specifically on the desirability of including the risks of routine
emissions. : ' 3

2. Energy comparison to competing technologies. Many commenters criticized
the latter half of the second qualitative safety goal on societal risk--
namely, that nuclear risks should be comparable to or less than the risks
of generating electricity by viable competing technologies. NUREG-0880
suggested that viable competing technologies essentially came down to
coal-fired generating plants and excluded those using hydre, oil, or gas.
A number of commenters believed that technology described as viable is too
narrow and such energy risk comparisons may carry the NRC "....too far
af ield," and that the comparisons are not necessarily relevant.
Conceptually we believe that coal is the only viable alternative and that
such risk comparisons are relevant, at least in theory, and would reconmend
that the Commission continue to endorse the concept. Therefore, we have
retained the statement that nuclear risks are comparable to or less than
the total risks of competing means of electricity gener:iL.on. However, we
recommend that the Commission delete the technology comparison portion of
the Safety Goal because neither the staff implementation plan nor the rest
of the Commission's pelicy statement implements the concept. The ACRS did
not comment on the utility of energy comparisons, but did say that if the
Conmission chose to make such comparisons it should conclude that the
policy statement either indicate the risks of the rest of the nuclear fuel
cycle are small or that they will be addressed later.
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5.

Design objectives versus numerical guidelines for individual risks. We
believe that the term “design objective" better describes the intended use
of risk levels than the term "numerical guidelines®. In eddition to plant
design and operation, we would include remote siting and emergency plan-
ning as integral parts of the defense-in-depth concept. Moreover, the
term design objective is more descriptive of a goal or aiming point vis-a-
vis a numerical guideline and, therefore, should make the point more
clearly that these are not new regulatory requirements. This proposed
change should improve the understanding of the Commission's policy
statement and the NRC staff's implementation plan--but some additional
conforming changes to remove reference to numerical guidelines will be
necessary in the implementation plan. In its general comments on the
safety goals, the ACRS recommended that the numerical guidelines be
"design-oriented." We believe the adoption of the term "design objective"
is consistent with this recommendation.

Average individual mortality , isks. A number of commenters were confused
over the definition of individual risk in the policy statement. There was
confusion over which individual (i.e., average or most exposed) was being
considered, the location of these individuals, and how to handle cases
where there were no individuals within a mile of the site boundary. In
response to these comments we clarify that the individual risk design
objectives are to be based on the risk to an average individual--that is
biologically and locationally average whereby the individual risks'are to
be averaged within an annular area of one mile width surrounding the
nuclear power plant site boundary. This means that the average Inbividual
is found by accumulating the individual risks and dividing by the number

* of individuals residing in the vicinity of the plant. Also, we incorporate

the staff recommendation that for those plants where no individual lives
within the vicinity of the site, a hypothetical average individual be
located one mile from the the site boundary for risk estimation purposes.

The ACRS recommended that numerical guidelines on individual risk address
the risk to individuals subject to largest risk of exposure. However,
the ACRS suggested that, for operational convenience, the guidelines be
expressed in terms of an assumed biologically and locationally average
individual living within one mile from the site boundary if it can be
assumed that there would not be significant variations in risk to such
individuals over this region and that the risk would be less at.distances
greater than one mile."

Substitution of a design objective for individual cancer fatalities for
the former individual and societal numerical guideline. The staff and”
several commenters point out that the individual risk guideline will pre-
dominate in most scenarios. The staff notes that control of the
individual delayed as well as prompt mortality risk in the vicinity of the
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plant limits the risk to the population living in the area of the plant.
Thus, as previously stated by the Commission in its draft policy statement,
if the guideline is met for individuals in the immediate vicinity of the
plant site, the risk to persons farther away would be much lower than the
limit set by the (old) societal guideline.

The ACRS recommended replacement of the societal risk guideline by "one
that places a numerical limit on the statistica® deaths per 1000 Mie
reactor year (or some similar unit)." The ACRS also suggested the policy
statement should point out the protection to society provided by the
individual risk guidelines. We believe the revised c¢raft is responsive
to the latter ACRS comment.

Benef it-cost guideline. In response to a number of comments, we propose
that the Commission consider the al]owin? the $1,000 per man-rem averted
to be adjusted beyond 1983 in order to allow for general inflation in the
future. Secondly, in order to conform to the staff's implementation wlan
which allows use of the benefit-cost principle both above and below the
design objectives in certain situations, we propose deletion of the
phrases which indicated the benefit-cost principle would only be applied
below the (old) numerical guidelines. Lastly, we point out that the
benefit-cost guideline is a societal risk reduction beyond the substantial
societal protection already implicit in the individual risk design
objectives. Therefore, we propose that the benefit-cost ;uideline would
act as a surrogate for the old societal risk numerical gujdeline contained
in Commission's draft policy statement. As a result, reference to
population for both prompt and delayed risks were deleted. 1In addition,
the rationale on societal risk was moved and amplified. The ACRS dig noi
specifically comment on these features of the benefit-cost guideline.

Plant performance design objective. The focus of this design objective

has been sharpened to provide a better description of the type of accident
to be evaluated. We believe that the loss of core protective features
leading to severe core damage better characterizes our meaning than large
<cale core melt. This change was proposed in the comment supplied by the
Department of Energy. DOE believes that this type of statement provides a
better focus on design and operational aspects under control of the
operator and not on research and development associated with investigations

of core melt and is consistent with the intent of the former guideline.

The ACRS commented that "design-oriented" numerical guidelines may have to
be more limited in scope and suggested that, for example, numerical
specifications on the required reliability of core cooling may be
appropriate. However, the ACRS did not propose a change in terminology to
describe severe core damage,
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The benefit side of the benefit-cost analysis should repre-

sent a measure of the potential reduction in risk only in terms
of public health and safety. The NRC is not charged with, and
should not concern itself with, protecting the financial invest-
ment of a utility and its shareholders in a nuclear plant, Like-
wise, neither the economic benefits of electricity produced by
nuclear power plants, nor the potential economic losses associated
with their operation come within the purview of the NRC. As a
practica)l matter, the calculation of economic consequences of
reactor accidents is much more difficult and subject to lerger
uncertainties than the evaluation of radiological consequences,
and would thereafter unduly complicate the cost-benefit analyses.

‘None of the commenters were able to pin down exactly the relative

importance in financial terms of economic damage (loss off-site and
on-site) vis-a-vis the total value of man-rem averted under accident
conditions.

Containment availability.

While endorsing the concept of a containment performance measure, the
ctaff concluded that it would not be prudent to specify a design
objective for containment availability at this time. They propose to
develop such a containment performance objective during the next
several years. The ACRS recommended inclusion of, g containment
function availability ?uide‘tue but pointed out that the approach to
its implementation would be different for plants with CP's and OL'S
than for plants "yet to be designed."

A number of other comments expressed opposition to inclusion of a
containment function guideline. Reasons cited included:

« Contaivment function is effectively covered by specifying core melt
frequency and public risk guidelines.

« Containment guidelines would be extremely difficult to formulate
primarily because it would be inextricably coupled with precursor
core melt sequences, and their likelihood.

« Such a guideline would add another level of complication and
decrease the utilities' essential decision-making flexibility.

« In view of the current state-of -the-art for evaluating compliance
with guidelines (i.e., the large uncertainties) addition of more
guidelines will not necessarily result in safer plants.
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o« A containment guideline might result in modifications, such as core
catchers or containment over pressure relief systems, that tend not
to be cost effective,

« Guidelines should address public risk and not specify intermediate
but related factors such as conditional probability of containment
failure give a core melt, ~ ;

The few (including a nuclear insurance group and one utility) who
favored inclusion of a containment function guideline noted the
following:

o Such a guideline would focus attention on this important safety
system and assist in upgrading its reliability.

« As an element of the "defense-in-depth" concept, containment
function should have standards.

o Any guid2lines should include a measure of containment effectiveness

under worst case {i.e., core melt) conditions.

We propose that the Commission not add a design objective for avail-
ability of containment function at thig time. To formulate a valid,
and not just arbitrary design objective requires more information on
severe core damage and core melt scenagips than is now available.
Moreover, when added to the other design objectives, it would
complicate the safety goal structure and put more restraints on design
freedom than we believe warranted. Lastly, the individual prompt
mortality risk design objectives acts to a significant degree as a
containment performance objective,

Implementation Plan

Six questions were asked regarding implementation of the Safety Goals.
The first question sought guidance for de~isions under uncertainty.
Some commenters recommended no guidance, many commenters recommended
that NRC prescribe how to perform probabilistic risk assessment (PRA)
calculations, and others recommended use of best estimate values with
judgment applied where uncertainties overlap the numerical guidelines.

The ACRS recommended that the staff include an assessment of uncertainties

in all PRA results and provide broad guidance on how to judge and
proceed.



The second question sought guidance oi resolution of possible coiflicts
among quantitative aspects of some is.ue. Some comuentors stated that
no conflicts are expected or that furtier guidance is nct needed.
Others recommended that further guidance be provided to resolve
conflicts or that the giidelines be balircad so thet <onflichs are
avoided.

The third question requested an approach for accident initiators which
are difficult to quantify. Most commenters recommerded 8 cual-pronged
approach. They felt that most accicenl initiaters couid be quentified
for a prohsbilistic unalysis; nowever, sabotage ‘hould be landled de-
terministically. Other commenters recommended a ceterministic
spproach for ivitiators which are difficult to quentify. The ACRS
suojested that those factors which cannct be treated aczquately by PRA
r2tnods shouvld be treated by other means.

Tha fcerth question on the implementation plan councerned the use of
m=2an, median, SU percent confidence, etc. Meny commenters advorated
further specification o the numericzl guideliies and a few oppused it
at tnis time. Some zdvocateo .'se of best-est iate calculations and
others, including ACRS, recrmmens.d the use of mean vaiues. A few
commentar: wanted to use median. . 2
0
The fifth question asked f furiher specification of the use of
quantitative guidelines and nethodology should be provided. Wiile
some ommenters stated that no further specification should be
provided, most comnters, iscluding ACRS, were in favor of further
specifications anc wany of them recommended use of the PRA Procedures
Guide (NUREG/CR-2300). :

The sixth question icvolved appiication of the numerical guidelines to
the protect an of individuais. ~he commenters were about =venly
divided between those who vould apply the numerical guidelines Lo the
individuals at a.erage risk ¢nd those who would apply the guidelines
to the individuals at greatest risk.

The ACRS stated i1hat numerical cuidelines on individual vick should
address th2 risk to the indiv nuals subject to the lcrgest risk of
exposurz. howeser, for cper.’’ 22l convenience it may be acceotable
to ~xnress such & guijelir: in tein. of *»~ gverage risk to an assumed
biclegics? y averagze individual, iiviug within one mile from the site
boundary, if it can be 2ss.neu that there would ncc be significant
variations in risk to such todividuals over this region and thal the
risk would e lv¥ss at disto es greater than a mile.
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We propose that the Commission follow the NRC staff's advice contained
in the action plan for implementation of the Safety Goals. This plan
and its supporting documentation will provide the guidance sought by
these six questions on implementation of the Safety Goals.

Risk aversion.

The comments offered by the utilities and utility-related industries

and professional groups were unanimous in recommending against inclusion
of a specific risk aversion factor. Many others also reccmmend

against it. A number of reasons were cited:

« A risk aversion factor may over emphasize very low probability high
consequence accidents which contribute little to the overall risk
to public.

« Too many site-specific variables are involved to reach any meaningful
value for a risk aversion factor.

o Risk aversion is already addressed by the conservatism of the pro-
posed numerical guidelines, e.g., the plant performanc  guideline.

e Inclusion of a risk aversion factor would depend on an attempt to
quantify the public perception of nuclear risks which are generally
known to be variable with time and place.

o Safety goals should be based on objective estimates of risk not
subjective perceptions.

e« As a matter of equity the potential isolated victims of accidents
and the potential victims of large accidents should be equally
protected.

Those who favored the inclusion of a risk aversion factor advanced
reasons such as the following

e« The ACRS (NUREG-0733) proposal seems to be reasonable.

« Risk aversion should be taken into account; otherwise the safety
goals will deviate significantly from popular values.

e The question how risk aversion might be taken into account for the
more severe accidents (and it should) will need to be considered by
experts.



e« A catastrophic accident is intolerable.

« Risk aversion would recognize the nonlinearity of accident conse-
quences, i.e., one severe accident does do more damage than a
number of small accidents with the same total consequence.

The ACRS commented that the propcsed statement not only did not include
any element of risk aversion, but it provided a reactor located in

a region of relatively high population density to impose greater
societal risks than a reactor at & remote site. ACRS suggested that
because society is risk averse, "at least to the extent that it

prefers not to introduce the potential for very large accidents

for activities other than those essential to society," the NRC safety
policy should explicitly include measures intended to reduce the
likelihood of large accidents.

We propose that the Conmission not include a risk aversion factor
because formulation of such a factor would involve arbitrary and sub-
jective presumptions of public perceptions of risk. Moreover, it
would over-emphasize the importance of preventing the very rare,
severe accident which contributes less to the overall pubiic risk than
contributed by tne more frequent, less severe accidents.

( Enclosure: : 3 i."
As stated :
i3 2z
cc: Samue) Chilk

Leonard Bickwit
William Dircks
Harold Denton
Robert Minogue
Guy Cunningham
Robert Bernero
Steve Hanauer
Malcolm Ernst
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SAFETY GOALS FOR THE OPERATION
“OF NUCLEAK POWER PLANTS

I.  INTRODUCTION

A.

Purpose and Scope

In its response to the recommendations of the President's
Commission on the Accident at Three Mile Island, the Nuclear
Regulatory Commission (NRC) stated that it was "prepared to
move forward with an explicit policy statement on safety
philosophy and the role of safety-cost tradeoffs in the NRC
safety decisfons®. This policy statement is a step in that
direction., Current regulatory practices are believed to

encure that the basic statutory requirement, adequate pro-
tection of the puplic. is met, MNevertheless, current pF:cifces
could be improved to provide a better means for testing‘{h;
adequacy of and need for current and proposed regulatory
requirements, The Commission believes that such improvement
could lead to more coherent and consistent regulation of
nuclear power plants, a more predictable regulatory process, a
public understanding of the regulatory criteria that the NRC
applies, and public confidence in the safety of operating
plants. This statement of NRC safety policy expresses the
Commissfon's views on the acceptable level of risks to public
health and safety and on the safety-cost tradeoffs in regulatory

decisionmaking.
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This policy statement focuses on the risks to the public

from the operation of nuclear power plants. These are the
risks from release of radioactive materials from the reactor
to the environment from normal operations as well as from
accidents. The Commission will refer to these risks as the
risks of nuclear power plant operation. Except as noted in
the following sentence, it is our intent that the risks'from
various initiating mechanisms be taken into account to the
best of the capability of current evaluation techniques. The
safety goal does not include risks from the nuclear fuel
cycle, from sabotage, or from diversion of nuclear material.
In the evaluation of nuclear power plant operation, several
categories of releases are considered by the staff. These
categories are routine emissions; normally expeé(eb.transients.
design basis ;ccidents; and severe reactor accidents. The risks
to the public resulting from operating nuclear power plants
are addressed in current NRC practice as follows. Before a
nuclear power plant is licensed to operate, NRC prepares an
environmental impact assessment which includes an evaluation
of the radio1ogica1 impacts of routine operation of the plant
and accidents on the population in the region around the plant

site. The assessment is subjected to public comment and



may be extensively probed in adjudicatory hearings. For all
plants licensed to operate, NRC has found that there will be
no measureable radiological impact on any member of the public
from routine operation of the plant, Mqréover. the staff's
overall assessment of the environmental risk of n&nnally ex-
pected transients and design basis accidents shows that these
risks are roughly cohparable to the risk for normal opera-
tional releases although accidents have a potential for early
fatalities and economic costs that cannot arise from normal
operations. (Reference: NRC staff calculations of radio-
logical impact on humans contained in Final Environmental
Statements for specific nuclear power plants, e.9., NUREG-
0779, NUREG-C812, and NUREG-0854.) The object1y§ of the
Commission's policy statement is to establish goéIs which
limit to an acceptable level the radiological risk which might
be imposed on the public as a result of the operation of nuclear
power plants. While this policy statement includes the risks of
normal operation, normally expected transients, and design
basis accidents the Commission believes that these risks are
small and therefore does not believe that they need to be
routinely analyzed on a case-by-case basis in order to

demonstrate conformance with the Safety Goal.



ent of Safety policy
In developing this policy statement, the Commission has
solicited and benefited from the information and suggestions
provided by workshop discussions. Two NRC
have been held, the first in Palo Alto, California, on April
1-3, 1981 and the second in Harpers Ferry, We irginia, on
July 23-24, The first workshop addressed

involved in developing safety goals. The second workshop

focused on a discussion paper which presented proposed safet
e | ¥ r

goals. Both workshops featured discussions among knowledgeable

persons drawn from industry, public interest groups, universities,
elsewhere, and representing a broad range of perspectives

disciplines,
Commission also received and considered a Discussion
Paper on Safety Goa )r Nuclear Power Plants submitted in

November 1981, by its Office of Policy

In arriving at a final decision on a
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QUALITATIVE SAFETY GOALS

The Commission has decided to adopt qualitative safety goals
supported by design objectives and operating limits for

use during a trial period. The Commission notes that

the staff has establisned operating limits in the ;ction

plan for implementing the safety goals. These operating
limits are to be used in conjunction with the individual

risk and plant performance design objectives, The Commission's
first qualitiative safety goal is that the risk from operation
of a nuclear power plant not be a significant contributor to a
person's risk of death or injury. Thé intent is to require a
level of safety such that individuals living or working near
nuclear power plants should be able to go about iheir déi!y
lives without special concern by virtue of their proximity to

such plants. Thus, the Commission's first safety goal is:

Individual members of the public should be provided a
level of protection from the consequences of nuclear
power plant operation such that no individual bears a

significant additional risk to life and health.



The Commission also decided that a limit be placed on the
societal risks posed by nuclear power plant operation. The
Commission believes that, even though protection of individual
members of the public inherently provides substantial societal
protection, the risks of nuclear power plant operation should
be further reduced to the extent that is reasonable achievable
through the application of available technology. (This
principle is already applied to the normal operation of
nuclear power plants.) The use of a benefit-cost test on
safety improvements to reduce societal risks is implicit in

this goal. Thus, the Commission's second safety goal is:

Societal risks to 1ife and health from the operation of"

nuclear power plants should be as low as reasonably

achievable.

The Commission believes that, by meeting the design objectives
ec<tablished to implement these qualitiative goals, the risks
from the operation of nuclear power plants are comparable to
or less than the total risks of the operation of competing

electricity generating plants.



(' 111. DESIGN DBJECTIVES

A. Genera)l Considerations

As used here, a design objective is an aiﬁing point for
public risk reduction which nuclear plant designers and
operators should meet where feasible. Since the design
objectives are aiming points and not firm requirements,
there may be instances where nuclear plants may not achieve

all of the objectives.

A key element in formulating a safety policy which establishes

design objectives is to understand both the strengths and

———

limitations of th; techniques by which one judges whether

these objectives have been met,

A major step forward in the development and refinement of
accident risk quantification was taken in the Reactor Safcty
Study completed in 1975. The objective of the Study was "to
try to reach some meaningful conclusions about the risk of
nuclear accidents." The Study did not directly address the
question of what level of risk from nuclear accidents was

acceptable.

Since the completion of the Reactor Sefety Study, further

{ progress in developing probabilistic risk assessment and in
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accumulating relevant data has led to recognition that it is
feasible to begin to use quantitiative reactor safety design
objectives for limited purposes. However, because of the
sizable uncertainties still present in the methods and the
gaps in the data base -- essential elements needed to guage
whether the objectives have been achieved -- the design
objectives should be viewed as aiming points or numerical
benchmarks which are subject to revision as further improve-
ments are made in probabilistic risk assessment. In particular,
because of the present limitations in the state of the art of
quantitatively estimating risks, the design objectives are

not substitutes for existing regulations.

Design Objectives

We want to make clear at the beginning of this section that no
death attributable to nuclear power’plant operation will

ever be "acceptable" in the sense that the Commission would
regard it as a routine or permissible event. We are discussing
acceptable risks, not acceptable deaths, In any fatal accident,
a course of conduct posing an acceptable risk at one moment
results in an unacceptable death moments later. This is true
whether one speaks of driving, swimming, flying or generating
electricity from coal. FEach of these activities poses a
calculable risk to society and to individuals. Some of those

who accept the risk (or are part of a society that accepts
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risk) do not survive it. We intend thal no such accident(s)
will occur, but the possibility cannot be entirely eliminated.
Furthermore, this risk is less than the risk that society will
accept from each of the other activitieslméntioned above
during the same 30-year period, including generati;g the same

amount of electricity from coal.

11 )



The risk to an average individu

a nuclear power plant site of prompt

might result from reactor accidents should not
exceed one-tenth of one percent (0.1%) of the sum of

prompt fatality risks resulting from other accidents

of the U.S. population are generally

The risk to an average individual in the vicinity of

a nuclear power plant site of cancer fatalities that

might result from the operation of nuclear power plants

<hould not exceed one-tenth of one percent (0.1%) of

cum of cancer fatality risks resulting from all
g

causes.
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second qualitative safety goal, which seeks to keep risks
as low as rcasonable achievable. Calculations suggest
that the risk of operation of a nuclear power plant is
consistent with the design objectives and would compare
favorably with risks of viable competing technologies.
The 0.1% ratio to other risks is 10@ enough to support an
expectation that people living or working near nuclear
power plants would have no special concern due to the

plant's proximity.

The average individual in the vicinity of the plant is
defined as the average individual biologically (in terms
of age and other risk factors) and 10cationally‘who
reside within a mile from the plant site bodndqr;.

This means that the average individual is foun&>éy
accumulating the individual risks and dividing by the
number of individuals residing in the vicinity of

the plant.

For those nuclear power plant sites where no individual
lives within the vicinity of the site, a hypothetical
average individual located one mile from the site

boundary will be assumed for risk estimation purposes.
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Individuals in the vicinity of the plant site boundary

would be subject to the greatest risk of death attributable
to radiological causes. Beyond this distance, atmospheric
dispersion of the airborne radioactive materials sharply

reduces the radiation exposure levels and the corresponding

risk of prompt or delayed fatality.




The Commission has adopted a benefit-cost guideline for
use in decisions on safety improvements which would

reduce societal risks in accordance with the "as low as

reasonably achievable" (ALARA) principle. It has decided

that a guideline of $1,000 per man-rem averted be adopted

for trial use. The value is to be in 1983 dollars. This
value should be modified to reflect general inflation in

the future,

he benefit of an incremental reduction of societal
mortality risks should be compared with the associated

costs on the basis of $1,000 per man-rem averted.

This guideline is inte: to encourage the efficient
allocation of resources in safety-related activities by
eduction in public risk that

ensurate with the costs
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Justification of proposed plant design changes or corrective

actions would be related to the reduction in risk to
society measured as a decrease in expected population
exposure (expressed in man-rem). To take into account
the fact that a safety improvement would reduce the
public risk during the entire remaining lifetime of a
nuclear power plant, both the estimated cost of the
improvement and the benefit (risk reduction) should be
adjusted to reflect only the remaining years during which

the plant is expected to operate (i.e., annualized,.

The NRC staff has some experience in the use of benefit-
cost analysis and criteria in evaluating improvements in
the treatment of routine radioactive effluents from
nuclear power plants. In 1975 the Commission discussed a
benefit-cost value oy $1,000/man-rem reduction in the
evaluation of improvements proposed to reduce routine
radiation exposures. Howevér. the use of a benefit-cost
guideline in evaluating means for reducing population

risks from power reactor operations would be new.

In applying the benefit-cost guideline for man-rem
averted the Commission proposes that the population
considered subject to significant risk be taken as the
population within 50 miles of the plant site. A sub-

stantial fraction of exposures of the population to
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radiat.on would be concentrated within this distance. The
individual risk design objective would ensure that the
potential increase in delayed cancer fatalities from
reactor operations at a typical site would be no more
than a small fraction of the year-to-year normal variation
in the expected cancer deaths from non-nuclear causes.
That is, if the design objective is met for individuals
in the immediate vicinity of the plant site, the risk to
persons much farther away would be much lower than the
limit set by the design objective. Thus, compliance with
the design objective applied to individuals close to the
plant would mean that the aggregated societal risk for a
:O—uile—radiﬁs area would be a number of times lower than
it would be if compliance with just a design objective

applied to the population as a whole were involved.

are near areas of high population density By ting
the design objective for individual cancer risk and
nplying the benefit-cost guideline, the risks to ociety
w“l] t" sSuU 16 :’1\ “ w SUCT .'v"u. t re 1S O I : or
n {itional d r ctive for . 3 the risks to




achieving the individual
the benefit-cost guideline

qualitative safety goal.

Plant Ferfofﬁar@e_;f§jgn7Q5iegtjyg
ant objective of efforts to reduce the public
with nuclear power plant operation is to
minimize the chance of serious reactor core damage since
a major release of radioactivity may result from accidents
involving core damage. Because of the substantial

uncertainties inherent in probabilistic risk assessments

of potential reactor accidents, especiaily in evaluation

of accident consequences, the Commission has decided to
adopt a limitation on the probability of a core melt as
an objective for NRC staff use in the course of reviewing
and evaluating probabilistic risk as:z2ssments of nuclear
power plants. This design objective may need to be
revised as new knowled:2 and understandin core
performance under degraded cooling conditi

. - v . - 2% snad
,, the Conmission has selected the following

objective:




S
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The Commission also recognizes the importance of mitigating
the consequences of severe core damage and continues to
emphasize containment, remote siting, and emergency
planning as integral parts of the defense-in-depth

concept.



Iv.

-18-
[MPLEMENTATION

The Commission's intention is that the design objectives and
benefit-cost guideline would be used by the NRC staff in conjunction
with probabilistic risk assessments and would not substitute for

NRC's reactor regulations in 10 CFR Chapter 1. Rather, individual
licensing decisions would continue at present to be based principally
on compliance with the Commission's regulations. Regulatory decisions
to use probabilistic risk assessment should be made on the basis of

an appraisal of its value in the specific application. Thus,
implementation of the statement of safety policy should not, by

itself, mandate the use of probabilistic risk assessment.

The design objectives and benefit-cost guideline may be used
during a trial period as one consideration in deciding whether i
corrective measures or safety improvements should be made in plants;'
previously approved for construction or operation. The Commission
believes that a trial period of 2 years should be adequate to

permit an evaluation of the benefits of its safety policy.

In all applications of the design objectives and benefit-cost guideline,
the probabilistic risk assessments, if performed, should be documented,
along with the associated assumptions and uncertainties, and

considered as one factor among others in the regulatory decisionmaking
process. The nature and extent of the consideration given to the

design objectives and benefit-cost guideline in individual
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regulatory decisions would depend on the issue itself, the quaiity
of the data base, and the reach and limits of analyses involved in
the pertinent probabilistic calculations. The design objectives
and benefit-cost guideline should aid professional judgment, not

replace judgment with mathematical forumlae.

The Commission has received from the staff a specific action plan

for implementation of the design objectives and benefit-cost guideline.
The plan indicates how the NRC staff plans to use the design objectives
and benefit-cost guideline in conjunction with probabilistic risk
assessments. The implementation plan appears reasonable for trial

use and is attached to the Commission's safety goals policy statement.
The staff proposes to apply design objectives as follows: (a) new
construction permit applicants should achieve design objectives and
evaluate further safety improvements in accordance with the benefit-
cost guideline; (b) operating reactors and those reactors under
operating license review need not achieve the design objectives --

but rather evaluation of any proposed safety improvements would be
performed using the benefit-cost guideline. In addition, the staff

is proposing operating limits, above the design objectives, which

the NRC staff expects to be met by all reactors. In backfit decisions,
the NRC staff intends to look mest closely at whether the plant

meets the plant performance design objective which specifies the
likelihood of a nuclear reactor accident that results in loss of

core protective features leading to severe core damage. The staff

will also use probabilistic risk assessment techniques



research and inspection activities which are an nable to probabilistic

risk assessment. The design objectives should assist in reviews of

the adequacy of and necessity for new rules, standards, and
nenable to probabilistic risk assessment and proposals or petitions
change isti ne ‘ esign objectives should assist
the reviews of adequacy of and necessity for orders, bulletins,
able to probabilistic risk assessment. The
ysoroach which underlies the staff's action
plan is reasonable and that the plan should be reevaluated by the

Commission after a period of trial use by the NRC staff.




EATETY- GOALE- FOR- BUCAEAR- POWER PLANT -
A PROPOSED POLICY- SAAEMENT

SAFETY GOALS FOR THE UPERATLON
“UF NUCLEAR POWER PLANTS

INTRODUCTION

Purpose and Scope

In its response to the recommendations of the President's
Commission on the Accident at Three Mile Island, the Nuclear
Reculatory Commission (NRC) stated that it was "prepared to
move forward with an explicit policy statement on safety
philosophy and the role of safety-cost tradeoffs in the NRC
safety decisions". This draft-policy statement is a step in
that direction. Current regulatory practices are believed to
ensure that the basic statutory requirement, adequate pro-
tection of the public, is met.  Nevertheless, current practices
could be improved to provide a better means for testing the
adequacy of and need for current and proposed regulatory
requirements, The Commission believes that such improvement
could lead to more coherent and consistent regulation of
nuclear power plants, a more predictable regulatory process,

a public understanding of the regulatory criteria that the NRC
applies, and public confidence in the safety of operating
plants. Ultimately,-an-explicit This statement of NRC safety
Commission's views on the acceptable level of risks to public

health and safety and on the safety-cost tradeoffs in regulatory

decisionmaking.
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This prepesed policy statement focuses on the risks to the

public from the operation of nuclear power plants. eRe-matter

ef-speeial-public-concern-at-the-present-times--Ruclear-power

plant-aceidents-which-may These are the risks from release of

radioactive materials from the reactor to the environments

from normal operations as well as from accidents. The Commission

will refer to these risks as the risks of nuclear power plant

operation. Except as noted in the following sentence, it is
our intent that Ruetear-pewer-plant-aeccicent the risks from
various initiating mechanisms be takern into account to the
best of the capability of current evai.ation techniquess.even
where-uneertainties-(as-with-earthquékes)-may-be-substantial:
The safety goal does not include risks frem-reutine-emissiensy

from the nuclear fuel cycle, from sabotage, or from diversion
1y
of nuclear material. In the evaluation of nuclear power plant

operation, several categories of releases are considered by

the staff. These categories are routine emissions; normally

expected transients; design basis accidents; and severe reactor

accidents. The risks to the public resulting frem-reutine
emissiens from operating nuclear power plants are addressed in
current NRC practice as follows. Before a nuclear power plant
is licensed to operate, NRC prepares an environmental impact

assessment which includes an evaluation of the radiological
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Development of This Statement of Safety Policy

In developing this draft policy statemeni, ine Commission has
so11c€te6 and benefited from the information and suggestions
provided by workshop discussions. Two NRC-sponsored workshops
have b-en held, the first in Palo Alto, California, on April

1-3, 1981 and the second in Marpers Ferry, West Virginia, on

July 23-24, The first workshop addressed general issues

involved in developing safety goais. The second workshop

focused on a discussien paper which presented proposed safety
goals. Both workshops featured discussions among knowledgeable
persons drawn from industry, public interest groups, universities,
and elsewhere, and representing a broiﬂ :qnge of perspectives

and Jisciplines. g 0

Finallyy-the The Commission also received and considered a
Discussion Paper on Safety Goals fer Nuclear Power Plants, submitted

in November 1981, by its Office ©f Policy Lvaluation,

In erriving at a final decision on a statement of its nuclear
power plant safety policy and geals, the Conmission will-take
has token inlo consideration the comments and suggestions
received ‘rom Lhe public in response to this-draft-statewents
the Proposcd Policy Statement on "Safety Goals for Nuclear

Power Plants.”
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Leilaves that, reactor-secionats: --Fhis -proposd-oal-has-two

e _ents: Firsty even though protection of indivicual members

of the Jublic inhcrently prosides substantial cocietal p:otection,

“he risks of ‘uclear power p.ant operalion acewcants -shouls be-such

thety when-ads 4 to-the -» sk-gf-som " f2ration, -“h2-total-risl -to
the pubtic-fron -an-operating-auslear powir plait 4 41d -be compi-rable
t6 -ap-beas -than tho it 3k - Frem GtRer -¥iasle mears <€ £ Gonerating-the
sama ausRtity-of eleckrical-energy. [ duiRdp-the -ricks-3f acciderts
should be further reduced o the exten that is reasorapl achievable
through the application of z.ailable technology. (This principle

is 2lready applied to ‘he norimal operaticn of nuclear pywcr plants.)
The use of a benefit-cost test on safely imprcvements to reduce
societal risks is implicit in this goal. Thus, thelgonission's

PREIT A S—a—-

second prepesed safety goal is: 'i;

Societal risks to 1ife and health from the operation of nuclear

power plants-aecidents should be as low s reasorably achievable.
and-should-be-comparable-te-or-tess-than-the risks-ef-gererating

clectrieity -by-viable -competing-techroloaies,

The -comparative-part-ef-this-geal-is-to-be-interpreted-as-requiring
that-the-risks-from-accidents-shoutd-pe-tow-enaugh-that-tha-total

risks-The Commission believes that, by meeting the design objectives

established to implement these qualitative goals, the risks from

the operation of nuclear power plants resuiting-frem-nermal speratien

and-aceidents are comparable to or less than the total risks of the

operation of competing electricity gererating plants.
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111. PROVISIONAL-NUMERICAL-GUIBELINES DESIGN OBJECTIVES

A.

General Considerations

As used here, a design objective is an aiming point for

public risk reduction which nuclear plant designers and

operators chould meet where feasible. Since the design

objectives are aiming points and not firm requirements,

there may be instances where nuclear plants may not achieve

all of the objectives. A key element in formulating a safety

policy which establishes design objectives rumerical-guidelines-

is to understand both the strengtns and Iimitatjons of the

techniques by which one judges whe;h;r these guidelines objectives

have been met. 43
A major step forward in the development and refinement of
accident risk quantification was taken in the Reactor Safety
Study completed in 19745. The objective cf the Study was "to
try to reach sone meaningful conclusions abéut the risk of
nuclear accidents." The Study did not directly address the
question of what level of risk from nuclear accidents was

acceptable.

Since the completion of the Reactor Safety Study, further
progress in developing probabilistic risk assessment and in

accumulating relevant data has led to recognition that it is



feasible to begin to vse quantitative reactor safety guide-

}ines design objectives for limited purpcses. However, Lecause

of the sizable uncertainties still present in the metheds and

the gaps in the data base -- essential elements needed to

guage whether the objectives guidelines have been achicved --

the quantitative-quideiines desiagn objectives should be viewed

as aiming points or nume-ical benchmarks which are subject to
revision as further improvements are made n probabilistic

risk assessment. In particular, because of the present limitations
in the state of the art of quantitatively estimating risks,

the numerical-guidelines design objectives are not substitutes

for existing regulations.

3 B |
Numerical-Guidelines Design Objectives Ay

e

We want to make clear at the begipning of this section that no
death attributable to a nuclear power plant operation aeeident
will ever be "acceptable" in the sense that the Commission
would regard it as a routine or permissible event. We are
discussing acceptable risks, not acceptable deaths. In any
fatal accident, a course of conduct posing an acceptable risk
at one moment results in an unacceptable death moments later.
This is true whether one speaks of driving, swimming, flying
or generating electricity from coal. Each of these activities

poses a calculable risk to society and to individuals. Some
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plants should not exceed one-tenth of one percent
(0.1%2) of the sum of cancer fatality risks resulting

from all other causes.

The Commission adopts prepeses this 0.1% ratio of the
risks of nuclear power-plant aeeidents operation to the

risks of aeeidents-of mortality from non-nuclear-plant

origin to reflect the first qualitative goal, which would
provide that no individual bear a significant additional
risk. In addition, the 0.1% figure is consistent with

the provision of the second qualitative safety goal,

which seeks to keep risks as low as reasonably achievable.

ft-ds-alse-consistent -with-the-cemparative-previsien-of
LY

the-seeond-qualitative-safety-geal;-iinee-egplcu1ations
i

suggest that the risk of aceidents-at operation of a

nuclear power plant that is consistent with the proposed

Rumerical-guidelines design objectives and would compare

favorably with risks of viable competing technologies.
The 0.1% ratio to other aeeident risks is low enough to
support an expectation that people living or working near
nuclear power plants would have no special concern due to

the plant's proximity.
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The average individual in the vicinity of the plant risk is

taken defined as the estimated-probability-ef-fatality
from-a-nuclear-power-plant-accident-for-an-individual-in-
tqe-vicinity-of-the-planty -including-prompt-deaths-and
delayed-deaths.--The-individual-risk-limit-is-applied-te

the-bielegically-average-individual average individual

biologically (in terms of age and other risk factors).

and locationally who resides at a location within 1 mile

from the plant site boundary. This means that the average

individual is found by accumu’ating the individual risks

and dividing by the number of individuals residing in the

vicinity of the plant.

For those nuclear power plant:-sites where no individual

lives within the vicinity of the site, a hypothetical

average individual located one mile from the site boundary

will be assumed for risk estimation purposes.

In- applaing the numerical- guideline for prompt- feteaidities
as- a- popwd ation- guideddine,- the Commission proposes-tor
define- the- vicinity as-the aree withrinr i-mije of- the

nued ear- power=gd ant- s44e boundary- since ceicuistions of
the- consequences- of- mejor- reactor sccidents suggest that
individuals-din the popriation-withime-mide Individuals.

in the vicinity of the plant site boundary would be
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T

Benefit-Cost Guideline

The Commission prepeses has adopted a benefit-cost guideline
for use in decisions on safety improvements which would
reduce individual-and-societal risks belew-the-levels
spee%fsed-tn-the—first-and-secand-nuner#sal—gu(del#nes in
accordance with the "as low as reasonably achievable”
(ALARA) principle. It has decided prepeses that a

of $1,000 per man-rem averted be adopted for trial
previsiena} use. and-subéeet-to-rev%sien-%n-the-1ight-af—

public-commentss The value is to be in 1983 dollars.

This value should be modified to reflect general inflation
in_the future. B
1}
The benefit of an incremental reduction of risk
----- belew-the-numerical-guidelines-for societal mortality
risks should be compared with the associated costs

on the basis of $1,000 per man-rem averted.

This guideline is intended to encourage the efficient
allocation of resources in safety-related activities by
providing that the expected reduction in public risk that
would be achieved should be conmensurate with the costs

of the proposed safety improvements. The benefit of an
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In applying the benefit-cost guideline for man-rem averted

the Commission proposes that the population considered

subject to significant risk be taken as the population

within 50 miles of the plant site. A substantial fracticn

of exposures of *the population to radiation would be

concentrated within this distance. The individual risk

design objective would ensure that the potential increase

in delayed cancer fatalities from reactor operations at a

typical site would be no more than a small fraction of

the year-to-year normal variation in the expected cancer

deaths from non-nuclear causes. That is, if the design

objective objective is met for individuals in the immediate

vicinity of the plant site, the risk to persons much
K

farther away would be much lower than the limit set by
7V¢

the design objective. Thus, compliance with the design

objective applied to individuals close to the plan: would

mean that the aggregated societal risk for a 50-wile-

radius area would be a number of times lower then it

would be if compliance with just a design objective

applied to the population as a whole were involved.




i TR

The benefit-cost guideline establishes a means for

determining if additional safety features are warranted

for_nuclear power plant sites, particularly those which

are_near areas of high population density. By meeting

the design objective for individual cancer risk and

applying the benefit-cost guideline, the risks to society

will be sufficiently low such that there is no need for

an additional désign objective for limiting the risks to

society from cancers and agenetic effects. Therefore,

achieving the individual cancer risk design objective and

the benefit-cost guideline would satisfy the second

qualitative safety goal.
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Plant Performance GuidedimreDesign Objective

An important objective of efforts to reduce the public

risk associated with nuclear power plant operation is to
minimize the chance of serious reactor core damage since

a major velease of radioactivity may result from accidents
involving core damage. Because of the substantial uncertainties
inherent in probabi1istic risk assessments of potential

reactor accidents, especially in evaluation of accident

consequences, the Commission prepeses has decided to

adopt a limitation on the probability of a core melt as a

previsienal-guideiine an objective for NRC staff use in

the course of reviewing and evaluating probabi’ istic risk

assessments of nuclear power plants. 1t-is-}ikely-that-
3 |
this-guideline This design objective wid may need to be

revised as new knowledge and understanding of core performance
under degraded cooling conditions are acquired. Thus,

the Commission has selected prepeses- the following

design objective guideline:

Large-Scate-Eore-Meits The likelihood of a nuclear

reactor accident that results in a large-seale

loss of esre-medt protective features leading to

severe cors damage should normally be less than one

in 10,000 per year of reactor operation.

)y~ —
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The Commission also recognizes the importance of mitigating
the consequences of a severe core eere-meli-ae: ident,
damage and continues to emphasize containment, remote
siting, and emergency planning as integral parts of the

defense-in-depth concept.

IV. IMPLEMENTATION

The-appiicatien-and-prespective-regulatory-use-of-safety-goals-and
asseciated-numerical-guidelines-are-important-considerations-in-a-
Commissien-decision-whether-to-adopt-a-particular-prepesed-set-of
geals-and-qguideliness The Commission's intention is that the

geal}sy:design objectives and benefit-cost guidelines would be used

by the:NRC staff in conjunction with probabilistic risk assessments
and would not substitute fur NRC's reactor regulations in 10 CFR
Chapter 1. Rather, individual licensing decisions would continue

at presént to be based principally on compliance with the Conmission's

regulations. Regulatory decisions to use probabilistic risk assessment

should be made on the basis of an appraisal of its value in the

specific application. Thus, implementation of the statement of

safety policy should not, by itself, mandate the use of probabilistic

risk assessment.
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The Commission is-requesting has received from the staff te-develep

a specific action plan for implementation of the design objectives

and benefit-cost prepesed-qualitative-safety-geals-and-rumerical

guide}inesy- The plan sheuid indicates fer-Cemmissien-review-and
aporeval-how the NRC staff plans to use the geals;-amd design
objectives and benefit-cost guidelines in conjunction with probabilistic

risk assessments. The implementation plansy appears reasonable for

trial use and alerg-with-the-public-commenis-on-this-petiey-statement

and-the-discussien-paper-{NUREG-B880} y-wili-be-eonsicered-by -the---
Commissien-in-reaching-a-final-decisien-en-the-adeptien-ef-a-reacter
safety-pelicy-statement-and-its-asseeiated-gsals-and-guidelines is

attached to the Commission's safety goals policy statement.

The staff proposes to apply design objectives as follows: :(}) new

construc*ion permit applicants should achieve design objectives and
Ty

evaluatz further safety improvements in accordance with the benefit-

cost guideline; (b) operating reactors and those reactors under

og¢r¢:iég license review need not achieve the design objectives --

but rather evaluation of any proposed safety improvements would be

performed using the benefit-cost guideline. In addition, the staff

is proposing operating limits, above the design objectives, which

the NRC staff expects to be met by all reactors. In backfit decisiors,

the NRC staff intends to look most closely at whether the plant

meets the plant performance design objective which specifies the

likelihood of a nuclear reactor accident that results in loss of

ccre protective features leading to severe core damage. The staff

will also use probabilistic risk assessment techniques and the
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as a spur of the Boston and Maine Railrcad. There is cne school within the
LPZ, the Seabrook Elementary School, south of the site and near the LPZ
boundary., The school enrollment (including school staff) was about 740 in
1978, and is currzntly projected to drop to about 705 by mid-1980's. The
'principal industria’ facility within the LPZ is the Bailey Division of USM
Corporation, a manufacturer «f plastic, rubber, and metal goods, and

enploying 930 people. There are several commercial estatlish-ents (i.e., shoos,
restaurants, etc.), as well as two shopping centers, within the LPZ. A1l of
the above site features are located near the LPZ boundary in the western and
southern directions from thé site. Althcugh a portion of Hampton Harbor

and sections of several tidal brooks and rivers which are used for recreational
purposes are located within the LPZ, the major beaches in the area are located
east oé Route lA in Saiisbury, lMassachusetis and Se:urook and Hampton, New
Hampshire, and are outside the LPZ. The number of permanent residents within
the LPZ at Unit 1 startup (in 1983) is estimated to be 2160 persuns. This is
projected to increase to about 4400 persons by the year 2025. Within the LPZ
the applicant must provide assurance that there is a reasonable probability
that appropriate protective measures could be taken on behalf of the residents
and other members of the public in the event of a serious accident. For a
discussion of the applicant's protective actions, including evacuation of
people in the vicinity of the Seabrook site, see the following section on

Emergency Preparedness.

10 CFR Part 100 also requires that the distance from the reactor to the nearest
boundary of a densely populatad¢ area containing more than about 23,000 residents
be at least cne and one-third times the distance from the reactor to the

outer boundary of the LPZ. Since accidents more hazardous than those commonly



sestulated as representing an upper limit are conceivable, although highly
improbable, it was considered desirable to add the population center
distance requirement in Part 100 to provide for protection against excessive
exposure doses to people in large centers. The applicant indicates that
presently the nearest densely populated center of more than about 25,000
persons is Portsmouth, N.H. located about 12 miles NNE of the Seabrook site
with a 1980 population of 26.214 persons. The applicant has also examined
future growth for nearer communities and has concluded that either Amesbury,
Massachusetts, located 4 miles SSW, or Newburyport, Massachusetts, located

6 miles SSW could become the nearest population center. The 1980 populations

of Amesbury and Newburyport were 13,961 and 15,910 persons, respectively.

Th2 population center distance is at least one and one-third times the LPZ

oui er radius regardless of whether the nearest populatior center Qére
designated to be Portsmouth, Amesbury or Newburyport. The transient population
associated with seasonal activity at Hampton and Seabrook beaches about 2 miles

past of the site is sufficiently large that the Atomic Safety and Licensing

Appeal Board (ASLAB) in the course of the Construction Permit hearings,
directed that the beach areas to the east of the site be considered the
nearest densely populated center. The Beard ruled that Route 1A to the east
of the site serves as the real boundary of the populated area. Since the
nearest approach of Route 1A is 1.67 miles from the Scabrook site, the
population center distance is at least one and one-third times the LPZ, as
required by 10 CFR Part 100. The largest city within 50 miles is Soston,

assachusetts, with a 1980 pooulation of sbout 562,000 parsons, located sbout



T L ——

40 miles SSW of Seabrook. The projected population density within 30 miles
of the site in 1983 is a maximum of about 530 persons per square mile at
2 miles from the plant, The projected population density within 30 miles
in the year 2025 is also expected to reach a maximum at about 2 miles and is

projected to be about 1150 persons per square mile,

The safety evaluation of the Seabrook site has also included a review of
potential external hazards, i.e., activities offsite that might adversely
affect the operation of the plant and cause an accident. This review
encompassed nearby industrial, trénsportation. and military facilities that
might create explosive, missile, toxic gas or similar hazards, The risk

to the Seabrook facility from such hazards has been found to be negligibly
small, A more detailed discussion of the compliance with the Commission's
siting criteria and the consideration of external hazards ‘are given in the

staff's Safety Evaluation Report,
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